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SUMMARY 
Soil degradation on farmland reduces agricultural production and damages 
infrastructure and natural resources such as remnant vegetation, waterways and 
wetlands.  
 
While dryland salinity, waterlogging and soil erosion cause serious environmental 
problems in Australia, several other forms of soil degradation are of concern such as 
water repellence, wind erosion and soil acidity. Dryland salinity will increase as 
watertables continue rising, decreasing the value of agricultural land and reducing 
agricultural production.  
 
The objective of Rapid Catchment Appraisal (RCA) is to assess the condition of, and 
future risks to, agricultural and natural resources within regional geographic 
catchments. The process also attempts to identify the most suitable options to 
manage the risk.  
• The Bremer-Gairdner study area covers approximately 114,000 hectares in the 
Fitzgerald Biosphere sub-region, on the South Coast. 
• The area falls totally within the Shire of Jerramungup, with Bremer Bay the 
nearest town. 
• Geology is characterised by aeolian sands deposited over tertiary sediments 
overlying granites and granite gneiss. The area falls largely within the Albany–
Fraser Oregon. 
• Hydrology is influenced by the low hydraulic gradient underneath the sandplain, 
salt-lakes, granitic highs and landscape dissection along the Pallinup. 
 
The degradation impacts/ risks are; 
Current salinity (2000):   2,200 ha (1.9 per cent of the area). 
Susceptibility to water repellence   approximately 70 per cent of the area 
Susceptibility to Waterlogging  approximately 55 per cent of the area 
Susceptibility to soil acidity   approximately 50 per cent of the area 
Susceptibility to wind erosion   approximately 45 per cent of the area 
Susceptibility to Soil structure decline approximately 35 per cent of the area 
Approximately 14 per cent of the original vegetation remains within the study area.  
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1. INTRODUCTION 
The Bremer-Gairdner area is approximately 70 km south of Jerramungup on the 
south coast of Western Australia (Figure 1.1). It falls wholly within the Jerramungup 
Shire and covers approximately 156,400 hectares, of which 86 per cent is cleared for 
agriculture.   
The nearest town is Bremer Bay, with a population of about 400. This town centre is 
an exceptionally popular centre for both the local community and general tourism, 
often swelling to a population of more than 1500 people during the summer-school 
holiday break.  
Figure 1.1.  The Bremer-Gairdner appraisal study area 
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2. NATURAL RESOURCE BASE  
2.1 Climate 
The region has a Mediterranean climate with cool, wet winters and dry hot summers. 
The annual average rainfall is higher at the coast and decreases with distance in-
land (Figure 2.1.1 and 2.1.2). In summer there can be sporadic rainfall from 
thunderstorms.  
Climate change w ill have a significant impact on agriculture for the region. The 
changes that have already occurred (from Foster 2002a and personal observation) 
include: 
• Below average seasonal rainfall; 
• Rainfall decline early in the growing season; 
• Fewer rain days and a greater proportion of rain from daily rain events of less 
than 10 mm (There has already been a trend of decreased winter rainfall in the 
southern portion of the region over the last 25 years. This may be associated with 
a climate cycle and not actually related to global climate change, but is a 
decreasing trend nonetheless); and  
• Decreased frequency of cold fronts and an increased incidence of high-pressure 
cells during w inter. 
Rainfall 
The yearly rainfall is quite variable in this region. Table 2.1.1 shows that there is a 
20% chance of rainfall above 605 mm (wet year) and a 20% chance of rainfall below 
420 mm (dry year) or in other words an 80% chance of more than 420 mm rainfall.  
Also shown in the table are the driest and wettest years in these records since 1957.   
Table 2.1.1: Statistics for annual rainfall for the Bremer-Gairdner area. 
Percentile Location Mean 
(mm) 20% 
Dry Year 
50% 
Median 
80% 
Wet Year 
Minimum 
(year) 
Maximum 
(year) 
 Bremer-
Gairdner 
521 420 521 605 317 
(1994) 
732.4 
(1971) 
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Figure 2.1.1. Rainfall distribution from complete records to 1979. 
 
Figure 2.1.2. Average rainfall 1957-2000 showing proportion in growing season 
 
Yearly total rainfalls for Bremer-Gairdner Catchments 
0
100
200
300
400
500
600
700
800
19
57
19
59
19
61
19
63
19
65
19
67
19
69
19
71
19
73
19
75
19
77
19
79
19
81
19
83
19
85
19
87
19
89
19
91
19
93
19
95
19
97
19
99
R
ai
nf
al
l (
m
m
)
Out of season rainfall
Grow ing Season
Average Yearly Rainfall
Grow ing Season
#Y
#Y
#Y
#Y
#Y
#Y
#Y
#Y
#Y #Y
#Y
#Y
#Y
#Y
#Y
#Y
#Y
#Y 350-400
400-500
500-600
1000-1200
600-800
800-10001000-120050
600-650
AlbanyDenmark
Kojonup
Walpole
Cranbrook
Tambellup
Katanning
Frankland
Mt. Barker
Broomehill
Gnowangerup
Bremer
Gairdner
20 0 20 40 Kilometres
Annual Rainfall (mm) Distribution on Western South Coast of WA.
N
Parks & Reserves
Rainfall_mean_annual_bom1979.
Rivers_main
#Y Towns
Fitzgerald
National
Park
Stirling Range National Park
Bremer-Gairdner RCA 
4 
Temperature 
Temperatures range from average summer highs of 27°C and winter highs of 16°C, 
to average summer lows of 14°C and winter lows of 6°C (Figure 2.1.3). Frosts rarely 
occur because the area is close to the coastline and is influenced by humid afternoon 
sea breezes. 
Figure 2.1.3. Average monthly rainfall and evaporation (left) and average monthly 
temperatures (right), showing the highest recorded temperature for the 
month, the average maximum daily temperature, the average minimum 
daily temperature and the lowest recorded temperature (since 1957). 
Wind  
The hours of strong winds (greater than 29 kph) for the four years 1997-2000 have 
been below average in the Wellstead area. (Figure 2.1.4 left). The predominant 
direction of strong winds in the region is west-northwest (Figure 2.1.4 right). Soil type 
is critical to wind erosion risk with lighter soils much more susceptible than heavy 
soils to erosion. 
Figure 2.1.4. Wind data courtesy of Peter Hanson, Dept of Agriculture, Perth.  
Direction and total hours of strong winds 
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2.2 Geology 
Ruhi Ferdowsian, Albany 
The area consists of aeolian sand deposits and deeply weathered mantles of laterite 
overlying thick Eocene and Tertiary sediments (up to 50 m in places) of the Pallinup 
and Werrilup formations (comprising spongeolite, sandstone and low energy marine 
carbonate and siltstone). The basement geology (comprising granites, gneisses and 
metamorphosed sediments of the Yilgarn Craton to the north and the Albany-Fraser 
Orogen to the south) rarely outcrops on the land surface. The tertiary sediments have 
been incised by the rivers, which in places have dissected to the basement rocks. 
The geology and other structural features are described in Mayers (1990) and Cope 
(1975). 
A typical description of a bore drilled in the Bremer area showing the full sequence of 
Tertiary sediments is presented in Appendix 3.   
Geology of basement rocks 
There are two distinct geological units in the study area. The location of these two 
units may be related to an axis line that passes 2 km south of Boxwood Hill and runs 
east-north-east to south of Mount Barren: 
• To the north of the axis line, the basement rocks are from the Archaean Yilgarn 
Craton and are intruded by many dolerite dykes that have east-westerly direction. 
• The basement rocks to the south of the line are Proterozoic in age, and are part of 
the Albany-Fraser Orogen. Orogeny is a period of mountain building leading to 
formation of intensely deformed belts of metamorphosed rocks intruded by 
granites.  
 2.3 Soil-landscape information 
Tim Overheu, Albany 
The dominant soils are grey  (deep and shallow) sandy duplex, alkaline grey sandy 
duplex soils, pale deep sands and duplex sandy gravels. These are predominantly 
aeolian in nature and are developing on weathered Tertiary sediments (spongeolite / 
siltstone). With the low landscape relief spatial distribution of the soils can be very 
uniform. 
The very fine sandy surface texture makes the sandy soils across the catchment 
highly susceptible to wind erosion, water repellence and topsoil acidification. The 
high hydraulic conductivity of the topsoils and sodic sub soil clays (in conjunction with 
low landscape relief) ensures that many of the soils are very susceptible to 
waterlogging. 
The subsoil clays are often alkaline and their buffering capacity, subsoil structure, 
effective rooting depth, nutrient and moisture retention is generally good. This 
presents favourable growing conditions during average seasons. 
Bremer-Gairdner RCA 
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2.3.1 Soil-landscape units 
The soil-landscape units covering the Bremer-Gairdner area have been delineated 
for a map publication scale of 1:250,000 (Overheu unpub) with the aid of field 
assessment and remote sensing techniques (aerial photographs and digital elevation 
models). 
Eight soil-landscape systems cover the study area, which are further divided into 29 
soil-landscapes (Appendix 2).  The dominant soil-landscape units are Chillinup_7 and 
Chillinup_8 (32 per cent ). Both of these units represent similar soils (grey shallow 
sandy duplex and gravelly duplex soils developing on Tertiary sediments) on a level 
to very gently undulating coastal sandplain landscape (Table 2.3.1).  
The Meerup_4 unit is the second most common soil-landscape unit in the study area, 
but represents blow-out calcareous sand dunes, not cleared for agriculture. 
The second most common soil unit within the agricultural area is the Lower 
Gairdner_2 unit (7 per cent ), which together with the Lower Gairdner_1 unit (3 per 
cent ) represent the interfluves and slopes above the coastal plain, with soils 
developing on transitional parent material between Tertiary sediments to Yilgarn 
granite. 
All other soil-landscape units, although common to the wider Jerramungup and 
Bremer area, only represent less than 10 per cent  of the actual study area. 
Table 2.3.1. Dominant soil systems (> 5 per cent of total area) 
Soil-system System description 
Chillinup (Ch) The Chillinup system is a broad level to gently undulating sandplain that slopes 
gently to the south from about 180 to 100 m elevation (asl). Local relief within this 
system is less than 10 m and there are many internal drainage depressions, 
including lakes and swamps, some with lunettes. Clusters of deep sandy linear 
dunes occur across some parts of the system. These sand dunes are aligned in an 
east to south-easterly direction. Moderately deep sand sheets are also present.  
Lower 
Gairdner (LG) 
Level to gently undulating terrain and narrow saline valley floors / creek lines on 
granite, with grey sandy duplex (shallow and deep) and shallow loamy duplex.  
2.3.2 Soil Groups 
Soil groups (Schoknecht 1999) assist with the communication of information 
presented in the Department of Agriculture's land resource mapping products.  Soil 
groups provide a way of recognising the most common soils in the region and 
substitute the multiple versions of locally used common names. 
The top 10 soil groups that feature prominently within each soil-landscape mapping 
unit over the Bremer-Gairdner area are listed in Table 2.3.2.  
Bremer-Gairdner RCA 
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Table 2.3.2. Top 10 soil groups  
WA Soil Group Hectares Percentage 
Grey deep sandy duplex 20,990 13 
Alkaline grey shallow sandy duplex 15,750 10 
Pale deep sand 14,760 9 
Grey shallow sandy duplex 11,590 7 
Yellow/brown shallow sandy duplex 11,170 7 
Calcareous deep sand 10,390 7 
Semi-wet soil 10,220 7 
Alkaline grey deep sandy duplex 9,530 6 
Duplex sandy gravel 5,670 4 
Grey shallow loamy duplex 3,860 2 
2.3.3 Land management units 
Landholders in the Bremer-Gairdner area identified a set of land management units 
in 1993 and 1995. This set of units has been modified for RCA, and as such, nine 
(dominant) land management units are represented for the Bremer-Gairdner area 
(Table 2.3.3). These land management units also correlate to the South Coast 
MIDAS economic model to assist with future economic analyses. 
Table 2.3.3. The nine land management units  
Description Associated landform element Code 
Shallow sandy duplex 
(may have gravel through 
the profile) 
Found throughout the landscape. Usually associated with 
the level to very gently undulating landscapes of the 
coastal plain from Bremer Bay through to Boxwood Hills 
and as far north as Gairdner.  Common near large closed 
depressions and swamps. 
SS/C 
Deep sandy duplex (may 
have gravel through the 
profile) 
Generally associated with level to gently undulating 
landscapes.  Common to very gently undulating sandplain 
landscape positions 
S/C 
Poorly drained duplex 
Found throughout the landscape. Common where slopes 
are usually <3% adjacent to swamp flats and low-lying 
sandplain. 
WSD 
Deep sand Found throughout the landscape. Common to dunes, lunettes & deep sand pockets 
DS 
Grey loams and clays Crab hole country; margins of lakes & swamps; GC 
Gravelly (ironstone) soils Dominant on slopes, valley spurs and crests Gr 
Salt-affected land Common landform elements include valley floors & swamps. 
Sa 
1.Reddish brown loams 
(including 
 2.Red clay loams and 
clays) 
1. Valley slopes- adjacent Lower Pallinup River and 
associated tributaries (may include some alluvial loams). 
2.Associated with dolerite dykes (un common for Bremer-
Gairdner area). 
1. RBL 
2.RCL 
Stony and Rocky soils 
Rocky, stony or coarse gravelly (not ironstone) >60%.  
Generally seen on hillcrests and slopes. May include 
outcrops of granite or hard ironstone. 
R 
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Full descriptions of the land management units, together with agricultural land use 
and soil management recommendations are presented in section 4.1. 
2.4 Hydrology 
Ruhi Ferdowsian, Albany 
2.4.1 Creek and river systems 
All creek lines and defined open depressions in the study area have shallow 
basement rocks or weathered material, which makes them susceptible to erosive 
processes. The sandplain to the south has not been subjected to the same erosive 
processes. In this region, the excess rainfall penetrates the soil profile and flows 
through the sedimentary bedrock (Werillup Formation), rather than forming surface 
runoff. Consequently the areas with Werillup Formation at depth have resisted the 
erosive processes leading to creek formation and have kept their original surface.  
2.4.2 Aquifers 
The hydrology of the Bremer-Gairdner area has been divided into three distinct 
hydrological zones (Figure 2.4.1 and 2.4.2), each with a unique type of aquifer:  
Figure 2.4.1. Three distinctive hydrological units (cf. also Appendix 4 for bore network 
distribution). 
Zone 1. The dissected landscape and granitic rises 
The dissected landscapes in the north and the granitic rises along Boxwood Hill-
Bremer Road have a local scale flow system (local aquifer). These areas often have 
shallow watertables that fluctuate depending on rainfall. The shallow local aquifers 
rise to the surface quickly in valleys and hillside seeps can occur. This is the 
dominant factor causing hillside seeps, creek and valley floor salinity in the northern 
zone. 
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Figure 2.4.2.  Generic landscape-cross section of the Bremer-Gairdner area (together 
with the features that affect the process of land salinisation). 
Depth to bedrock in these areas is mostly less than 30 m, and rock outcrops can 
often be seen in creek beds and hillsides. Aquifers are relatively thin and 
groundwater levels are close to the soil surface in depressions. Most of the aquifer 
profile is be low yielding because of the clays in the regolith (often kaolinitic white 
clays) but a thin layer of coarser material (saprock) usually exists just above bedrock, 
which often acts as a conduit for groundwater.  
Problems with salinity and rising groundwater are likely to be confined to areas with a 
local scale flow system. Therefore, management practices outside the influence of 
these areas will have little or no effect on the extent of their salinity. However, the 
management of land with a local aquifer will affect others downstream. Salinity in 
these areas is in three forms: (i) creek lines, (ii) valley floors and (iii) occasional 
hillside seeps.  
• Well-defined and narrow creek lines will become salt-affected because they 
become discharge sites as well as the carriers of saline baseflow.  
• Groundwater levels within and close to the discharge sites will have only seasonal 
fluctuation (Hydrograph 1).  
• Hillside seeps will (and do) occur in the lower parts of granitic rises, where 
basement rock obstruct the saline groundwater and bring it close to the soil 
surface.  
Unsaturated
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+ +  +
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+   +  +   +  +     -  -   -   -   -
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Hydrograph 1: This hydrograph (bore Jer9s89) represents a salt-affected area in the 
northern zone of the study area. Groundwater in this area is close to the soil surface.  
Water levels fluctuate within a metre of the surface because of rainfall and 
evaporation.  Saline groundwater often comes to the soil surface through capillary 
rise (diffused discharge) and active seeps, resulting in soil salinity in nearby areas.  
Zone 2. Stagnant northern portions of the sandplain  
Drilling under the sandplain has shown that the Tertiary sediments are often greater 
than 55 metres deep. The depth of these sediments increases from north to south. 
The aquifer in the sandplain is intermediate or regional (recharge and discharge 
areas are 2-10 km apart).  
The local groundwater flow systems from the dissected landscape and granitic parts 
drain into the regional flow system in the northern zone of the sandplain. 
Consequently the northern zone of the sandplain is affected by on-site as well as off-
site recharge.  
The Werillup Formation does not exist in the northern margins of the sandplain. A few 
poorly defined broad depressions have formed which carry run-off from the nearby 
areas as well as from the dissected landscape in the north. Excessive run-off and 
grazing pressure has caused gully erosion in these depressions. The stagnant parts 
of the sandplain have had a very high rate of groundwater level rise since clearing. 
The maximum observed rate of rise, in this zone was 0.35 m/year. Bore Sr5d94, (a 
representative bore within this zone), for example has a 0.27 m rise per year 
(Hydrograph 2). 
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Hydrograph 2: Bore Sr5d94 is in the upper parts of the sandplain in the belt with 
highest groundwater level rise. Groundwater levels in this piezometer have risen from 
greater than 4 m below soil surface to less than 3 m in 5 years.  
Zone 3. Southern parts of the sandplain  
The regolith consists of both Werillup Formation as well as overlain Pallinup 
sandstone. The formation of numerous swamps and lakes is related to clay migration 
from the Pallinup silt into the Werillup Formation, resulting in the subsidence of the 
landscape. No watercourse takes surface run-off out of these sandplain areas. 
Regolith in this zone is deep to very deep (greater than 40 m). Groundwater levels 
are still well below soil surface (10-30 m deep). Thr regional aquifer has very low 
(0.25%) hydraulic gradient (slope of groundwater table) towards the south east of the 
study area. This low hydraulic gradient results in a very slow groundwater flow 
towards the south east of the sandplain. There is a depression in groundwater flow 
system, south east of Bremer / Gairdner River junction, due to pumping groundwater 
in the nearby area. Groundwater levels in this zone have a steady rise although are 
not as high as the Zone2 (Hydrograph 3). 
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Hydrograph 3: Bore Jer 06 (cf. Appendix 3 for bore log) is in the middle of the 
sandplain. Piezometers in these areas have deep groundwater (10 to 30 m deep), 
which currently indicate a steady rise at a rate of 10 to 20 cm per year.  
2.4.3 Hydrology of swamps and lakes  
• Swamps and closed depressions have formed in areas with very porous material 
at depth, associated with either granitic highs or Werillup Formation.  The clays in 
the Pallinup sediments have gradually migrated downwards into the porous 
material and caused subsidence at the surface. Hydrology and salinity of these 
sumps depends on their interaction with the saline groundwater. Two types of 
sumps exist: 
• A few fresh water sumps, perching well above the saline groundwater have 
seasonal water and dry out over summer (December to May). After heavy rain, 
water covers the sumps and their margins, inundating a large area. These sumps, 
and especially their margins, contribute recharge to the underlying groundwater 
flow system.  
• Salt lakes, with rising groundwater levels in recent years become permanent 
discharge zones. Many active saline seeps along the fringes confirm this. Salty 
groundwater (greater than 5,000 TSS mg/L) is entering the lakes and evaporating, 
increasing the salinity of the water. The flats that surround the lakes experience 
much higher water levels now than prior to clearing. The high surface and 
groundwater levels and increased salinity have killed most of the natural 
vegetation along the lake margins.  
2.4.4 Groundwater salinity and groundwater resources 
The soil profiles in granitic areas to the north and Pallinup siltstone in the 
waterlogged areas along Swamp Road have very fine material and high salt storage 
(Appendix 3). Groundwater in these areas is saline, ranging between 7,000 and 
30,000 mg/L. The siltstone in the southern areas is mainly composed of fine sand, 
with very little clay to hold on to salt. These areas have higher rainfall and higher 
recharge than the northern parts of the sandplain. The low clay content and high 
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recharge both have prevented high groundwater salinities. Consequently the shallow 
aquifer that is fed by the local recharge may be reasonably fresh or brackish (1000 to 
5,000 mg/L). In most of these areas, groundwater salinity increases with depth.  
2.4.4 Fresh water resources of the lower Bremer area 
There are several hydrological systems producing fresh groundwater in the Bremer 
region.  In high recharge areas some of the fresh water infiltrating from the surface 
can form a layer of fresh to brackish water above the regional groundwater table. 
This effect has also been observed in the Wellstead area.  Bores with fresh water do 
not yield large amounts of water and have limited potential for agricultural use. 
Fresh groundwater is also found in association with the fresh water swamps that 
occur, mostly close to the Bremer Bay Road. These remain fresh, as they are not in 
contact with the regional groundwater table, unlike the saline lakes further to the 
north.  Fresh water enters the lakes through surface and subsurface runoff and some 
of this water ‘leaks’ into the ground. There is also a high rate of recharge under deep 
sandy areas (or lunettes deposited on the south-east side of some lakes and 
swamps).  Recharge from both the swamp and the surrounding areas form a fresh 
groundwater mound, which gradually mixes with the regional aquifer. Both the 
groundwater mound and the freshwater swamp/lake are potential water supplies.   
Closer to the coast, including the townsite of Bremer Bay, the coastal dune systems 
(that occur in mostly non-arable land) could be a significant groundwater resource for 
domestic purposes. The high recharge that occurs under the sand dunes has the 
potential to form small freshwater aquifers. The extent of this resource is unknown 
other than in the Bremer Bay townsite where groundwater pumping for domestic use 
already occurs. 
The Bremer area has limited freshwater resources.  The freshwater resources usually 
occur in isolated sites that have a small local system contributing to them. 
2.4.5 Land use trends and water use 
The greatest expansion of landuse over the Bremer-Gairdner area since 1999 has 
been the establishment of several commercial Bluegum plantations along the 
Boxwood-Bremer Bay road.   
The potential for increasing land salinisation because of land clearing is high in lower 
Bremer area and the water used by Bluegums has the potential to slow the rate of 
groundwater rise and the spread of salinity. However, the high water use of 
Bluegums and extensive plantings through the lower Bremer area will deplete fresh 
groundwater resources. 
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2.5 Waterways, wetlands and estuaries 
2.5.1 Bremer River 
The Bremer River is approximately 70 km in length, beginning south of Jerramungup 
and flowing to the Wellstead Estuary.  Devils Creek is the only major tributary, and 
enters the river on the south side about 20 km upstream from the mouth of the 
Wellstead Estuary.   
The Bremer River is an important river system as it retains a significant vegetative 
corridor along its length, with upper and lower sections flowing through agricultural 
land and the lower river flowing through the Fitzgerald River National Park. The river 
is also identified as a potential link to the Gondwana corridor and is the home for a 
rare and endangered flora species – Boronia clavata.   
Water quality 
The Bremer River is ephemeral, with the estimated mean annual runoff 3.8 mm and 
mean flow to the estuary 2.64 x 106 m3 (Hodgin and Clarke 1987).  It is naturally salty 
becoming fresher towards the coast. A number of pools are found along the river, 
some up to a kilometre long, that retain water throughout the year but apart from 
these it is dry much of the time.  These river pools provide important habitat for many 
aquatic and terrestrial flora and fauna.   
One-off water quality samples were collected by the Public Works Department 
between 1966 and 1971 (where the Bremer River crosses Devils Creek Road). The 
recordings (Table 2.5.1) provide an early indication of salinity levels in the river.   
Table 2.5.1. Salinity measurements from 1966 to 1971  
Bremer River  
(Assessment site No. 6021034) 
Sample date * Chloride mg/l 
18-07-1966 900 
19-09-1966 2650 
11-10-1967 750 
15-07-1968 1600 
26-07-1971 425 
Map grid reference 
Zone 50 
706511 E 
6200926 N 
15-11-1971 607 
* Seawater is approximately 35 600 mg/l hence the water quality for the Bremer River, at the sampling 
site, was relatively fresh.  
Aquatic flora 
The aquatic plants Chara and Ruppia megacarpa have been recorded on the Bremer 
River (W&RC 2001). These are important habitat for many invertebrates and are 
used as a spawning site by some fishes. The blue-green alga Nodularia, a potentially 
toxic species, was recorded in a pool on the Bremer River where the flow had been 
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modified.  Green algae species – Cladophora and Enteromorpha were also recorded. 
These are filamentous algae that can grow in clumps and form large mats.   
2.5.2 Wellstead Estuary 
Wellstead Estuary, the estuarine portion of the Bremer River, extends inland 13 km 
from the coast and includes the lagoon and 9 km of the narrow river channel. The 
town of Bremer Bay is situated on the western shore of the Inlet. It retains extensive 
fringing vegetation, and lies within a nature reserve and the Fitzgerald River National 
Park. The Estuary has about 300 ha of surface area and the volume at bar breaking 
is estimated to be about 5000 ML.  
The estuary breaches its sandbar during periods of high rainfall and may stay open 
for a few months to several years. Salt tolerant paperbark Melaleuca cuticularis, 
samphire (Sarcocornia blackiana) and sea rush (Juncus krausii) dominate the 
vegetation fringing the estuary.  
Water quality 
There is limited historical water quality data for Wellstead Inlet. Salinity varies greatly 
as a result of rainfall, evaporation, estuary depth and sandbar status, ranging from 
almost fresh following winter rain, to almost twice seawater in summer.  
Temperatures range from 12 degrees in winter to 25 degrees in summer.  The inlet is 
well oxygenated, but there are periods where the oxygen in the water column is low, 
and fish deaths have been reported.   
Water quality data has been collected by the Department of Environment (formally 
Water and Rivers Commission) which can be found at: 
www.wrc.wa.gov.au/region/southcoast.   
Aquatic flora 
The bed of the Wellstead Estuary is covered in a thick crop of plants dominated by 
the halophytic seagrass Ruppia megacarpa, the charophyte (stonewort) macroalgae 
Lamprothamnium papulosum and the green macroalgae Polyphysa peniculus.  
Seagrass, in particular, often carries a heavy epiphytic load of filamentous green 
algae.  Hodgin and Clarke (1987) recorded a large number of phytoplankton species 
in Wellstead Estuary in 1974.  They included a colonial green algae (probably 
Gloeocystis), the chlorophyte Scotiella, two species of dinoflagellage, a few diatoms 
and a filamentous blue-green algae.    
2.5.3 Bremer wetlands 
The main water systems in the Bremer-Gairdner area are internally draining wetland 
systems, commonly known as the Bremer-Bay suite of wetlands. These consist 
mainly of numerous small (less than 500 m) to medium (500-1000 m) intermittent 
lakes and swamps.  They have been classified into three suites - the Pabelup suite, 
the Manypeaks suite and Qualinup suite.  
The Manypeaks suite contains the largest number of wetlands of the three groups, 
which are mostly small (usually 1-10 ha) and shallow. They are all seasonal or 
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episodic (SCRIPT 1997). The wetlands, which are formed from localised perching of 
water and rainfall, are usually fresh and going brackish as the water body dries out. 
The Pabelup suite contains the largest wetlands in the region. They occur in 
depressions in the landscape that are anything from five to a few tens of metres 
below the surrounding land surface (Hopkinson 1999). The water quality varies but 
most range from fresh to brackish. 
The Qualinup suite of wetlands occurs along the inland margin of the coastal dune 
system, occurring in broad, shallow, depressions (Hopkinson 1999). The Qualinup 
wetlands are also considered fresh (Hopkinson 1999). 
The Bremer Bay Suite of wetlands have been identified as being regionally 
significant, with the most focus being on the Pabelup suite of wetlands.  This suite of 
wetlands has been listed as outstanding due to the type of wetland, the habitat 
formed, linkage between the wetlands and their fresh water status (Hopkinson 1999).  
Table 2.5.2. Bremer wetland names and locations 
Wetland name Property location No. Comments 
Yendinnup swamp Loc 1528 Local name, represented on *DOLA map sheets 
Yendinnup lake Loc 1544 Listed in Semenuik (1998) as Yendinnup swamp 
Hilliup lake Loc 1529 Local name, represented on DOLA map sheets 
Little Hilliup lake Loc 1529 North of Hilliup lake 
Yellilup swamp Loc 1540 Local name, represented on DOLA map sheets. Shown as 
“Balingdale lake” (directory of important wetlands) 
Yellilup lake Loc 1511 As listed in Semenuik (1998) 
Aralinga lake Loc 1511 As listed in Semenuik (1998) 
Crabtree wetlands  Loc 1507 Four wetland areas (only the western two surveyed) 
Campbell’s swamp Loc 1523 Local name only 
Jinjinnup swamp Loc 1542 Local name, represented on DOLA map sheets 
Minvalara lake Loc 1518 As listed in Semenuik (1998) 
Minvalara South lake Loc 1519 As listed in Semenuik (1998) 
Yenteyerrup swamp Loc 834 Local name, represented on DOLA map sheets 
Qualinup swamp Loc1738 Local name, represented on DOLA map sheets 
Toocalup swamp Loc 1739 Local name, represented on DOLA map sheets 
* DOLA = Department of Land Administration, Western Australia 
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Table 2.5.3. Salinity levels of Bremer wetlands 
Condition (and sample date – month / year) 
Loc no. Name mS/m 
(start year) 
mS/m 
(2/94) 
mS/m 
(4/99) 
mS/m 
(11/99) 
mS/m 
(3/00) 
mS/m 
(11/00) 
mS/m 
(4/01) 
1528 Yendinnup 
swamp 
330 
(1990) 
580 1760* 1952 2220 2800 4770 
1529 Hilliup lake 65 
(1979) 
250 598 - - - - 
1540 Yellilup swamp 1180 
(1994) 
 1470 14700 22300 Dry Dry 
1523 Campbell’s 
lake 
210 
(1993) 
250 570 692 880 1297 2940 
1542 Jinjinnup 
swamp 
42 
(1994) 
 80 91 173 334 Dry 
884 Yenteyerrup 
swamp 
42 
(1991) 
35 370 - - - - 
1511 Yellilup lake  500 
(1993) 
585 853 - - - - 
1544 Yendinnup 
Lake 
- - 70 - - - - 
1518 Minvalara lake - - 600* Dry Dry Dry Dry 
1739 Toocalup Sw - - 140 - - - - 
1507 Crabtree 
(west)  
- - 398 - - - - 
Further information about wetland and water quality across the Bremer-Gairdner area 
can be sourced from the following website address: 
http://www.wrc.wa.gov.au/region/southcoast/infodata/gairdnerc/bremer.pdf 
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2.6 Native vegetation 
Nadene Schiller, Jerramungup 
2.6.1 Location and extent of remnant vegetation 
Most native vegetation within the Bremer-Gairdner area is located in unallocated 
Crown lands along the coastline south of the Bremer road.  A large block of remnant 
native vegetation also occurs on private property situated low in the landscape profile 
adjacent to and fringing wetlands. 
National Land and Water Audit shows that the Bremer-Gairdner has between 10-30 
per cent of native vegetation remaining.  The vegetation commonly remains in 
isolated patches surrounded by cleared land. 
2.6.2 Vegetation type  
The botanical systems for the Bremer-Gairdner area include the Bremer and Qualup 
systems (Table 2.6.1).  The Bremer system is located along the coastal strip between 
Beaufort Inlet and Gordon Inlet and the Qualup system extends along the coast 
behind the coastal dunes and ranges.  
The Qualup system comprises mallee and mallee-heath shrubland with sporadic 
Yate and York gum woodlands.  Mallee heath with E. tetragona is the dominant 
vegetation type with lakes and swamps supporting woodlands of E. loxophleba and/ 
or E. occidentalis.  In the deep sand sheet areas, the mallees are replaced by 
Banksias (Banksia attenuata, B. coccinea and B. baxteri).  Other common species in 
the system include Nuytsia floribunda, Lambertia inermis, Hakea cucullata and 
Hakea Victoria. 
Plant communities in the Bremer vegetation system include low scrub and coastal 
scrub.  Agonis flexuosa (weeping peppermint) is the dominant species in both 
communities.  The coastal scrub vegetation species include E. preissiana with some 
Acacia species and E. decipiens occurs further inland on weathered and leached 
sand. 
2.6.3 Declared weeds 
The study area is, in general, well buffered by good stands of native vegetation. 
Threats to natural vegetation include Bridal Creeper and Victorian Tea Tree. 
Declared weeds known to exist in the study area are Doublegee, Paterson’s Curse 
and Cape Tulip.  
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Table 2.6.1.  Summary of the botanical associations for the Jerramungup south 
area (Overheu 2003). 
Botanical 
system 
(Beard, 1976) 
Vegetation associated 
with gently undulating 
plains, and gravelly 
rises 
Vegetation associated 
with hillslopes or valley 
slopes 
Vegetation associated 
with valley floors, 
depressions and 
swamps 
Bremer 
(Mallee, low 
scrub, and coastal 
heath) 
Albany blackbut 
(Eucalyptus staerii), 
Apple mallee (E. 
bupestium), blackboy 
(Xanthorrhoea gracilis), 
scallops (Hakea 
cullculata). 
Bell fruited mallee 
(Eucalyptus preissiana), 
chittick (Lambertia 
inermis), toothbrush 
grevillea (Grevillia 
hookeriana). 
Flat topped yate (E. 
occidentalis), yate (E. 
cornuta), peppermint 
(Agonis sp.), willow 
peppermint (Agonis 
flexuosa). 
Qualup 
(Mallee and 
mallee heath) 
Mallee yate (E. 
lehmannii), square fruited 
mallee (E. tetraptera). 
Blue mallee (E. tetragona), 
coastal moort (E. platypus 
var. heterophylla), parrot 
bush (Dryandra sessilis). 
cong mallee (E. 
conglobata), cork bark 
honey myrtle (Melaleuca 
suberosa), saltwater 
paper bark (M. 
cuticularis). 
2.7 Land use and infrastructure 
Tim Overheu, Albany 
The National Land and Water Resources Audit (NLWRA 2001) identifies six broad 
land uses (at a regional level) for the Jerramungup area. At a local scale, 
considerably more land use activities can be identified. Although some of the smaller, 
niche, land use activities may only occupy small land parcel areas, they can be 
significant to the region as a whole and to the local economy. Table 2.7.1 presents a 
detailed list of some of the current land use activities for the Bremer-Gairdner area. 
Table 2.7.1. Local scale land use activities (listed in order of landscape 
dominance) 
Cropping (annual rotations including pulses, canola and cereal)  
Grazing (prime beef, beef feedlots & fat lambs, etc 
Remnant vegetation (reserves) 
National park 
Timber plantation / forestry (commercial) 
Summer crops (maize, millet, forage sorghum, sunflowers) 
Managed resource protection areas (wetlands, water reserves, coastal / littoral zones, etc) 
Perennial horticultural activities, including three small Olive groves and one small vineyard 
Annual horticulture (seed potatoes) 
Floriculture (and commercial picking of wildflowers) 
Tourism 
Sport and recreation 
Residential (townsite of Bremer Bay) 
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High value timber plantation (inc. hardwood timber), oil mallees. 
Other small New Industry activities 
2.8 Agricultural production 
Barley is the main crop with canola, wheat, lupins, field peas and oats also grown. 
Amount of crop grown and yields for a four-year average (1997-2001) are shown in 
Table 2.8.1. The main livestock enterprise is sheep with cattle numbers steadily 
increasing.  The average stocking rate is approximately 5 to 10 DSE per hectare.   
Several locations in the lower portion of the study area have capable land (and 
adequate water quality and supply) for small production annual and perennial 
horticulture and floriculture (Gray and Lewis 2002).  For example, seed potatoes, 
viticulture, berries, olives and native Banksia production are among some of the small 
and diversified ‘new’ industry activities developing in the area.  
Silviculture (pines and Tasmanian Bluegum plantations) has also become a 
significant activity across the Bremer plain (since about 1999).  This relatively new 
land use activity has assumed much of the land that receives greater than 500 mm 
rainfall, (parallel and adjacent to the coastline). This has displaced mainly mixed 
grazing / feed grain cropping. 
The main environmental issues affecting agricultural production across the study 
area are waterlogging, late season rain (i.e. wet harvest) and wind erosion.  
Waterlogging and late season rain has influenced many landholders to establish 
perennial pastures such as Kikuyu, Rhodes grass and to a lesser extent lucerne. As 
a direct result livestock numbers (particularly cattle) and feedlot enterprises have 
increased.  
Grain production in the Jerramungup Shire usually makes up about 65 per cent of the 
on-farm income, with the remainder of the income from sheep and wool production.  
34 per cent  of the gross value of agricultural production is barley and 23 per cent  is 
wheat.  Sheep meat and wool for account for 10 per cent  and 19 per cent  of the 
GVAP respectively whereas beef is 5 per cent  (Dept. Ag 2000). 
Farm Income has varied over the past few seasons due to climatic influences 
including frosts (97-99), wet harvest (97-00) and dry seasons (00-01).   
Cropping yields have varied greatly with seasons.  For example in the 1999/ 2000 
season, barley yields which were 2 t/ha, dropped to less than 1 t/ha in the 2000/2001 
season (dry season).   
The average farm size for the Bremer-Gairdner study is approximately 1200 
hectares, with the smallest ranging from 400 to the largest at around 1600 hectares.  
Land values vary between seasons but the approximate price in the 2002 season 
was $500 /ha (zero change from 1998). 
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Table 2.8.1. Agricultural statistics showing four year averages from 1997-2001 
 Jerramungup State 
Arable land (ha) 2090 2580 
Cropping (ha) 1090 1620 
Wheat yield (t/ha) 1.8 1.8 
Barley yield (t/ha) 1.6 1.8 
Lupin yield (t/ha) 1 1 
Canola yield (t/ha) 1 1 
Wool cut (Kg/WG ha) 8 20 
Lambing percentage 80 - 
Farm income ($ Eff/ha) 180 190 
Other industries 
Agriculture is the main economic activity of the district but there is a growing tourism 
industry, especially in Bremer Bay area, where the emphasis of its economic activity 
base has shifted from the fishing industry to tourism (Gray and Lewis 2002). 
2.9 Demographics  
Demographic data for Jerramungup Shire (which includes the town of Bremer Bay) is 
in Table 2.9.1. 
Table 2.9.1. 1996 Demographics for the Jerramungup Shire (ABS) 
Demographics Male Female Total 
Population 750 588 1,338 
In the Labour Force 487 281 768 
Unemployment % 1.8% 3.2% 2.3% 
Age  
0-10 
11-20 
21-30 
31-40 
41-50 
51-60 
61+ 
 
151 
82 
100 
163 
120 
70 
59 
 
134 
59 
92 
122 
88 
49 
52 
 
285 
141 
192 
285 
208 
119 
111 
The Australian Land and Water Resources Audit have compiled demographic 
information for all local government areas in Australia.  This information was based 
on Australian Bureau of Statistics (ABS, 1996) data as well as Australian Bureau of 
Agriculture and Resource Economic (ABARE, 1996-1999) data. Using these data, 
together with information extracted from the Central South Coast Strategic Analysis 
(URS 2003), the demographic data for the Jerramungup Shire is summarised below. 
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Age and population 
• The median age of farmers in the shire is 45 years (1991 to 1996). There has 
been a significant decrease in population of the ages between 15 and 25.  
• It is predicted that by 2006 there will be a 1.2 per cent increase in the population 
of the Shire, mainly occurring in the 10–19 and 40–49 year age group. 
Income and employment 
• The gap between low and high-income earners in the Shire increased between 
1996 and 2001. 
• Employment in Jerramungup increased by 35 per cent from 1996 to 2000. 
• Unemployment rates in the Jerramungup Shire are low compared to the 
remainder of the State, with an unemployment rate of 2.4 per cent in 2002. 
• The average taxable income for all individual taxpayers in the shire of 
Jerramungup for 1997/98 was $25,290. 
Further statistical information for the Jerramungup Shire can be sourced from the 
following websites: 
• http://www.nlwra.gov.au  
•  http://www.abs.gov.au  
• http://agspsrv38.agric.wa.gov.au/pls/portal30/docs/FOLDER/IKMP/LWE/CRS
/CSCSA_FINALREPORT.PDF 
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3. RESOURCE CONDITION AND FUTURE RISK 
3.1 Climate change  
Tim Overheu, Albany 
International global climatic models suggest that higher temperatures and 
evaporation, combined with lower rainfall can be expected in this region. The climate 
will remain Mediterranean, but farmers may need new crop varieties and changes in 
management such as better systems of harvesting water, increased feedlotting and 
perhaps grain drying to cope with rainfall near harvest. 
Some projections for the southern region of Western Australia (Foster 2002 and 
Ferdowsian 2002) are: 
• Land surface temperatures will increase by about 2 to 5 degrees by 2030.  
• Seasonal rainfall will decrease by at least 10-30% for winter-spring by 2030. 
• Occurrence of sporadic summer storms will increase.  
Effect of climate change include:  
• Cropping options in the medium to high rainfall areas will change. Cropping area 
may increase, however more variable summer rainfall could also increase the risk 
of wet harvests. 
• Waterlogging could be reduced, but yields could also be reduced. 
• Surface catchments will need to be more efficient. 
• Reduced recharge and lower risk of salinity.   
• Biodiversity change with species loss or migration. 
3.2 Soil degradation risk  
Tim Overheu, Albany 
Salinity has visually disturbing consequences and, therefore, attracts more attention 
than the ’invisible’ forms of land degradation such as soil acidity, water repellence 
and soil acidification.  These less obvious forms affect far larger areas than salt in 
this region (Table 3.2.1 and 3.2.2). 
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Table 3.2.1. Summary of degradation hazards 
Water repellence 
109,500 ha (70%) at risk 
Many of the light surface textured soils - sandy duplex, deep sands and gravelly slopes  - are susceptible to water repellence. 
Waterlogging 
86,000 ha (55%) moderate 
to high at risk 
Risk factors include soils with poor permeability subsoils that develop perched watertables during the winter growing season.  Another risk factor is the 
sensitivity of many crops to waterlogging.  Waterlogging events during the growing season can cause a large loss of production. 
True occurrence is difficult to estimate because of large seasonal variation across the study area. Soils most at risk are the grey, shallow, loamy duplexes, 
grey clays and saline wet soils.  Soil-landscapes most affected are; Bb4, Ch7, Ch8s, Ch10, Ch11, Lg1, Lg4, Lg7, Lp8, Mp2s, and Jo. 
Soil acidity 
78,200 ha (50%) at 
moderate risk 
This land quality is only a general indicator because management, productivity and crop rotation all affect the rate of subsurface acidification, which refers to 
acidification below the depth of normal cultivation (10-20cm).  
Risk factors are sandy, highly leached soils with low organic carbon content that have little resistance (or buffering capacity) to pH change.  Soil groups most 
at risk are pale deep sands and sandy duplex soils in the sandplain area. Soil-landscapes most affected are; Ch7, Ch8, Ch9, Bb1, Bb2, Bb3, Lg1, and Lg2.  
Wind erosion 
70,400 ha (45%) at high 
risk 
Wind erosion is largely a function of wind speed and duration, soil erodibility, ground cover, aspect, soil moisture and nutrient availability. Strong winds are 
common in the area, causing erosion, particularly in dry years.   
Most susceptible are the Sandy duplex soils and Pale deep sands with areas of unprotected loose sandy topsoils (with < 5% clay content), dry soil, in higher 
landscape positions. Main soil-landscapes most affected are; Bb2, Bb3, Ch8, Ch9, Me1, Me4 and Lg2.  
Soil structure decline 
53,200 ha (35%) at 
moderate to high risk 
Soils with deteriorated structure have reduced infiltration, resulting in increased run-off, are more compact, and can only be cultivated over a narrow moisture 
range.  Risk factors are soils with loamy and clay loam textures and high exchangeable sodium percentage that favours dispersion.  Shallow duplex soils are 
also at risk where the sodic subsoil clays have been brought to the surface by topsoil erosion or mixing of the topsoil and subsoil during cultivation. 
Soil groups at risk are shallow duplex soils, calcareous loamy earths and clays in the Mallee area.  All soil-landscapes units are susceptible to structural 
decline, however the most severely affected units include; Ch7, Ch11, Lg7, Mp2s and Mp5. 
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Table 3.2.2 Land degradation hazards against each land management unit  
Land management unit Salinity risk Waterlogging /inundation risk 
Susceptibility 
to water 
erosion 
Susceptibility 
to wind 
erosion 
Susceptibility 
to subsurface 
(10-20 cm) 
acidification 
Susceptibility 
to water 
repellence 
Susceptibility 
to topsoil 
structure 
decline 
Susceptibility to 
subsurface 
compaction 
(10-30 cm) 
Shallow sandy duplex 
(36,500 ha) 
Low to 
moderate* Low Moderate 
Moderate to 
high ** High Moderate Low Moderate 
Deep sandy duplex 
(25,000 ha) Low Low to moderate Moderate 
Moderate to 
high High High Low Moderate 
Poorly drained sandy 
duplex (17,000 ha) High 
Moderate to high for lower 
slopes Moderate Low High Moderate Low Moderate 
Deep sands, (lunettes 
and dunes - 13,600 ha) Negligible Negligible Moderate High High High Low Low to Moderate 
Grey loams and clays 
(9,000 ha) Moderate 
Moderate to high on valley 
flats 
Moderate (on 
slopes) Generally low Low Low 
Moderate to 
High Low to Moderate 
Duplex gravels 
(5,000 ha) Low Nil Moderate Low Moderate Moderate Low Low 
Red/red brown soils 
and dykes (3,400 ha) Low Low Moderate Low Low Low Moderate Low 
Stony and rocky soils 
(2,300 ha) Negligible Negligible Low Negligible Variable Low Low Low 
Salt-affected land 
(2,200 ha) 
Presently 
saline Very high High Low Variable *** Low Not rated Not rated 
*  Salinity likely to develop as hillside seeps on the units where shallow bedrock forces saline groundwater close to the surface 
**  Highly susceptible to wind erosion on crests and upper slopes. Can be dependent on proportion of gravel within the topsoil. 
*** Soil pH on saline soils is highly variable but they are not likely to be economic to lime. 
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3.3 Hydrological risk 
Some areas in the undulating northern zone of the study area are increasingly 
becoming salt-affected. Ferdowsian (1988) estimated that these areas had increased 
by two or three times between 1988 and 1993. This has affected some of the 
perched fresh swamps in the study area. 
As an example, Yendinnup Creek, which starts in the undulating northern zone of the 
study area and crosses Swamp road and eventually enters the Yendinnup Swamp 
(location 1528), has become saline in recent years. In April 1988, the flow rate of this 
creek was 3 l/sec and its salinity 2880 mS/m (half seawater salinity).  Consequently, 
the salinity of the Yendinnup Swamp has also increased. It is therefore believed 
(because of similar geology, soils and landform) that almost all of the creeks starting 
in the undulating northern portion of the study area will eventually become saline. 
An east-west belt of land in middle of the sandplain and along Swamp Road has had 
a very high rate of groundwater level rise (between 0.20 and 0.35 m/year; Figure 
5.4.1) since clearing. Groundwater levels in this belt are still between 2 and 10 m 
from the soil surface. However, with the current rising trend, it is likely that in the next 
20 to 30 years, some of this area will become salt-affected. The foreseeable salinity 
problems of this belt can also be seen on the upper section of the Flowtube diagram 
(Figure 3.3.4). 
The sandplain to the south of the study area is not likely to have salinity problems in 
the foreseeable future. Only the deep lakes and swamps in this part of the study area 
may intercept the rising groundwater and become discharge sites and consequently 
develop salinity. An example is the Yellinup Swamp that has become a discharge site 
in recent years and is gradually changing to a salt lake. 
3.3.2 Groundwater trends 
Trends in groundwater levels vary depending on landscape position, soil profile, 
management and rainfall.  A typical cross-section along a flow line for the study area 
is shown in Figure 2.5.2.  This cross-section traverses the undulating areas to the 
north as well as the more subdued sandplain landscape to the south. 
Groundwater levels across the study area are generally rising because of increased 
recharge under annual agricultural crops and pastures.  
Potential salinity risk (Flowtube and Land Monitor)  
The main areas at risk of becoming saline are the low points in the landscape such 
as creek lines, swamps and flats. Results from Flowtube analysis for the area 
suggested that low-lying landscapes around Swamp Road will be the first areas in 
the sandplain to have salinity risk.  Note that the Flowtube model does not extend to 
the granitic northern zone or to the north of the Swamp Road. Despite the existence 
of active discharge zones in that undulating landscape, groundwater levels under the 
hillsides are still rising. This continuous rise will cause an increasing number of saline 
seeps to develop. However, it is not known how far the watertable will rise before an 
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equilibrium is reached where extra recharge is matched by increased discharge to 
streams and evaporation.  Equilibrium is reached much faster in higher rainfall areas.   
In the Flowtube scenario, the flow path will not reach equilibrium (under current 
agricultural systems) in the next 100 years.  
Wetlands 
Most of the Bremer wetlands are related to perched water tables and not the deeper 
regional ground water. Threats to the health of the wetlands are increased salinity, 
inundation and waterlogging, sedimentation build up and wetland drowning through 
prolonged flooding.  
Salinity levels are steadily increasing in the Bremer wetlands and recent outbreaks of 
salt in the upper catchment areas have appeared where groundwater is close to the 
surface due to shallow bedrock (Ferdowsian personal communication and Hopkinson 
1999).  
Increased catchment run off has caused erosion in the upper catchment and resulted 
in the transport of nutrient rich sediments into the wetlands.  This build up of nutrients 
has become obvious in recent years with the appearance of potentially toxic blue-
green algal blooms.  
Following an algal bloom incident in the Yendinnup swamp, the nutrient levels were 
measured. It was noted that the nutrient levels (32 mg/l total phosphorus and 89 mg/l 
total nitrogen) were considerably higher than the nominated safe levels of 0.05 mg/l 
and 0.5 mg/l for phosphorus and nitrogen respectively (Hopkinson 1999). 
Together with the suite of wetlands, local dams and stock watering points are also at 
risk of being severely impacted by salinity and other forms of land degradation.  
Salinity often increases in dams because of seasonal fluctuations (i.e. dry season 
influences because of evaporation and long term increases because of rising / 
discharging groundwater associated poor quality seepage water).  Dams closer to 
watercourses and shallow groundwater tables are usually at greatest risk. 
3.3.2 Rivers, wetlands and estuaries 
State of the Bremer River 
The Bremer River is an important river corridor, and supports unique flora and fauna 
only associated with the river. A river survey conducted in October indicated that 
some sections of the river were graded as A grade condition.  The Bremer River main 
channel is currently 82 percent fenced and Devils Creek is 88 per cent fenced. 
The survey identified sedimentation, erosion, salinity and loss of riparian vegetation 
as the major threatening processes for the health of the foreshore vegetation. 
Secondary salinity upper catchment and high in the tributaries is the major threat to 
the long-term health of the river.   
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There has been no long-term monitoring of water quality of the Bremer River. 
However anecdotal observations from landowners conclude that the systems have 
become more saline and flow more frequently. 
State of the Wellstead Estuary  
The Wellstead Estuary catchment is approximately 80 per cent cleared, hence 
catchment wide processes such as increased runoff, nutrient enrichment, 
sedimentation and secondary salinisation are all likely to be impacting on the health 
of the estuary. It is gradually becoming more nutrient enriched, with increased growth 
of aquatic plants noted in the estuary.  In addition, anoxic periods often occur post 
rainfall events, where bacteria are removing the organic matter and using up the 
available oxygen. 
Protection of the catchment is a priority activity, including fencing of the remaining 
section of the river and tributaries, increasing high water use farming in the upper 
catchment to minimise areas impacted by secondary salinity and waterlogging, and 
ensuring appropriate fertiliser use to minimise runoff into the nearby waterways.     
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3.4 Farming systems impact 
Arjen Ryder, Albany 
3.5.1 Estimating recharge 
Lucerne phase farming as an option 
Phase farming with lucerne (three to four years crop, three to four years lucerne) is 
becoming widely accepted for its profitable contribution to the grazing and cropping 
systems with the added benefits of reducing recharge, increased soil nitrogen and 
providing winter cleaning as an option in managing herbicide resistance. 
Impact of introducing lucerne into the farming system 
The example (calculated using the AgET model) below shows the estimated 
reduction in recharge across a 1,300 ha property, when lucerne plantings were 
increased. 
Data used with the AgET Model 
Property size: 1,300 ha 
Average rainfall:  521 mm (AgET rainfall records used from 1974 to 1993) 
Soil groups:   Deep sandy duplex   27 per cent  
   Shallow sandy duplex  42 per cent  
   Shallow loamy duplex  10 per cent  
   Saline soil      6 per cent  
Table 3.5.1. Breakdown of areas (ha) and landuse for each farming system 
used in the model. 
Landuse Annual system with 45% crop (ha) Perennial system (ha) 
Annual pasture 665 415 
Crop 585 585 
Perennials 0 250 
Remnant bush 50 50 
Total 1,300 1,300 
Impact of increasing the area sown to perennials 
Recharge estimates are given in Table 3.5.2. The estimates have been calculated for 
an annual system and a perennial system , which can include plants such as lucerne, 
Kikuyu, tagasaste or perennial grasses. If plantings were concentrated on high 
recharge areas of the property such as deep sands then recharge would be slighter 
lower than shown.  
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Table 3.5.2. Estimated recharge obtained from the AgET model.  
Rainfall (mm) Recharge with 45% crop (mm) 
Recharge with 65% 
crop (mm) 
Recharge with 20% 
of the farm under 
perennials and 45% 
crop (mm) 
420 (dry year) 40 30 25 
521 (average rainfall) 60 55 45 
605 (wet year) 75 75 60 
Production benefits of lucerne and other perennial pastures include additional green 
feed after annuals have dried off, reduced autumn hand feeding, potential to fix 60 kg 
of soil nitrogen per hectare per year and increased protein levels in the following 
grain crop.  Environmental benefits include recharge reduction, decreased soil 
moisture within the top two metres and lowered groundwater levels. 
Lucerne roots have been found growing down to 3.5 m at Wellstead and dried the 
soil profile by approximately 200 mm compared with annual pasture.  Growing 
lucerne will reduce recharge and decrease the potential extent of land at risk of 
becoming saline. 
3.5 Vegetation condition and risks 
3.5.1 Remnant vegetation 
The location of remnant vegetation in the study area can be seen on the Vegetation 
map (Appendix 1.2). 
Less than 5% per cent of the study area’s remaining remnant vegetation is found on 
farmland, mainly in uncleared swamps, creek lines and sand dunes.   
The majority of the remnant vegetation is protected within CALM estate, either as 
coastal reserve or as crown land reserves adjacent the Pallinup and Bremer Rivers. 
Other small pockets of remnant vegetation remain as various road and shire 
reserves. 
3.5.2 Rare flora 
There are 23 populations of endangered flora known to exist in the area, comprising 
nine different species.  Only two populations of rare and endangered flora are found 
in reserves protected for conservation, the remainder are mostly on roadsides and 
private property. 
Further information can be sourced from Department of Conservation and Land 
Management, Albany. 
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3.5.3 Biodiversity assets at risk 
Vegetation at risk of salinity and waterlogging 
Waterlogging and salinity are major threats to remnant vegetation in the agricultural 
landscape.  Land monitor data, suggests that only one per cent of the catchment’s 
remnant vegetation occurs in areas currently considered saline. 
Vegetation at greatest risk occurs in low-lying areas of the landscape, such as yate 
swamps, creek lines, and poorly drained flats. Land Monitor data (Appendix 1.2) 
suggests that about 20% of the study area’s native vegetation is in low-lying areas, 
which may become waterlogged/ saline if the water tables rise sufficiently. 
Specific areas at risk 
Yellilup Yate Swamp system, the seasonal swamplands south of the Bremer Bay 
road and the Devils creek and Swamp Road vegetated road reserve corridors are 
believed to be at greatest risk in the study area (Schiller, personal communication). 
These areas are either swampland or low-lying areas with limited external drainage 
outlets to dispose excess water accumulation. Evidence of remnant vegetation 
decline is already present.  
The coastal corridor of native vegetation (including the coastal dunes and granite 
headlands) will remain relatively safe from water table rise on the adjacent 
agricultural plains because of its elevated landscape position. 
Other risks to remnant vegetation 
Other risks to our remaining revegetation include clearing, livestock grazing, weeds 
and feral animals. More information on Australia’s weeds on national significance can 
be found at: http://www.weeds.org.au/ 
Rabbits can severely degrade native vegetation and impede revegetation works.  
Over half of the study area’s remnant vegetation is considered to be highly suited for 
rabbits, particularly the dense scrub heath found on the deeper sands.  
3.6 Infrastructure assets 
The road transport network within the area includes local gravel and sealed main 
roads, the full length of the Boxwood-Bremer road and a section of the South Coast 
Highway (approximately 200 km of road surface).  Land Monitor estimates indicate 
that about 72 km of the road network (including sections of bituminised highway) 
occur in low-lying areas making the roads susceptible to waterlogging and, possibly, 
salinity.   
Other major infrastructure includes the town of Bremer Bay (which comprises an 
approximate area of 300 ha, excluding rural residential development adjacent the 
Point Henry road area).  
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4. MANAGEMENT OPTIONS AND IMPACTS 
4.1 Land management 
Timothy Overheu, Albany 
Comprehensive information on representative soils for the Bremer-Gairdner area 
(with matching agricultural land management options) is presented in Appendix 3. 
Associated information is also in Overheu (1996) “Soil information sheets for the 
Jerramungup agricultural advisory area” and in an AGMAPS CD-ROM for the Albany 
East region. Table 4.1 below presents a summary of best practice land management 
options suitable for the area to manage the common natural resource management 
risks (previously discussed in section 3.2). 
Table 4.1. Options for managing common NRM risks 
Natural resource 
risk 
Principal management options 
Water repellence 
• Amelioration with a suitable clay at approximately 100 t/ha will improve 
the soil surface area and water absorption. Claying may also improve the 
soil cation exchange capacity. 
• In the deep sand areas, clay should be applied first before other 
treatments and incorporated with shallow cultivation, followed by deep 
lime and/or potassium placement then seeding as soon as practical after 
the season break. 
• The effectiveness of claying is dependent on using the right type of clay 
and the economic benefit is dependent on finding a suitable source close 
by. Other tactics include furrow sowing, seeding with press wheels and 
use of wetting agents. 
• Note that regular passes to incorporate the clay may cause soil 
compaction. 
Waterlogging 
• Principal management options are either agronomic (including strategic 
application of fertiliser to assist crops through waterlogging) or 
engineering solutions such as surface water management and raised 
bed cropping. Avoidance is another strategy in choosing to use farming 
systems that are less susceptible to waterlogging in risk areas.   
• Agronomic options, such as phase cropping with lucerne will help use 
excess moisture in the soil profile and reduce recharge. The Bremer 
area, in most seasons, does have high residual moisture storage making 
most soils in the catchment very suitable for perennial pastures such as 
lucerne or kikuyu or mixes including tall fescue / sub clover mix and 
balansa / persian clovers. 
• In saline conditions, fence these areas off (where practical), and 
establish tall wheat grass and other salt tolerant perennial grasses. 
• Engineering options: Grade banks are effective in controlling water 
erosion and waterlogging where interception of clay is possible. Shallow 
relief drains can be used to reduce ponding and promote drainage from 
valley floors.  
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Table 4.1. Options for managing common NRM risks (cont'd) 
Natural resource 
risk 
Principal management options 
Sub surface acidity 
• The principal management option is liming. Add dry lime at 1.5 to 2 t/ha 
either by surface spreading (or preferably placed into acid layer at about 
10-20cm) to improve soil pH and displace aluminium. 
• Liming will be necessary to achieve crop and pasture production 
potential and assist in the establishment of lucerne. 
• Use less acidifying fertilisers, reduce leaching of nitrogen, return plant 
material to the paddock) 
Wind erosion 
• Critical to maintain ground cover at adequate levels. On soils at risk, 
practice stubble retention or aim to maintain >50% ground cover to 
control risk  
• Minimise the level of disturbance by mechanical action or by livestock. 
This includes minimum tillage and stubble retention, or revegetation with 
trees (various suitable species available) for shelter belts or alley farming 
together with management of summer grazing on risk soils (including de-
stocking during dry seasonal conditions). 
• Managing blow-outs or seasonal inundation pans is also important. 
Soil structure decline 
/ soil compaction 
• Where the clay subsoil is sodic (i.e. exchangeable sodium percentage is 
greater than 14 per cent ) and less than 20 cm from the surface, 
susceptible soils can be ameliorated through topdressing of gypsum with 
tillage reduction and practices to increase the organic carbon content of 
the soil, such as stubble retention. 
• The recommendation is to investigate the gypsum responsiveness of the  
soils first with a gypsum test and field test strips first. Recommended rate 
of gypsum is 2.5 t/ha. 
•  Minimum tillage (and/ or direct drilling on the heavier soils in the 
catchment soils) is encouraged. It is also be worth examining deep 
cultivation every five years or progressive tillage to overcome sub 
surface compaction problems. 
• Green manuring of a high legume percentage pasture or a legume crop 
such as lentils or peas may improve organic matter content and soil 
structure and aid in improving yields. 
• Activities that result in rapid loss of organic matter, such as long fallowing 
in a crop rotation and stubble burning, should be avoided. 
• Avoid working the soil when excessively wet and reduce channelling of 
stock in wet areas. 
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4.2 Water management  
Austin Rogerson (Albany) and Nadene Schiller (Jerramungup) 
There are many options for managing surface water before it contributes to erosion, 
eutrophication, sedimentation, waterlogging, flooding and salinity.   
Where the slope and soil characteristics of the land encourages water to shed off the 
land (shedding landscape (Farmer, Stanton and Coles 2002), surface water 
earthworks can reduce the velocity and volume (peak flow) avoiding serious soil 
erosion.  Where there is little slope in the land, water flows from a shedding 
landscape and accumulates in an area (receiving landscape typically less than 2 per 
cent ) causing waterlogging, flooding and adding to groundwater recharge. 
Soil landscape and slope analysis  
The surface water landscape of the agricultural zone is both a shedding and 
receiving landscape.  Most land in the agricultural zone is a combination of shedding 
and receiving landscapes, whereas the majority of the coastal fringe south of Bremer 
Bay Road is a shedding landscape. 
Sixty per cent of the study area (69,000 hectares) is a receiving landscape with a 
slope less than 2 per cent (which is almost wholly contained within the agricultural 
zone). This soil occurs on level to gently undulating sandplain and plains with swamp 
and lunette systems. These soil-landscape systems have numerous scattered 
swamp systems, but drainage is ill defined with waterlogging and inundation affecting 
much of the area.   
Approximately 25,000 hectares (22 per cent) has a slope between 2-5 per cent  (the 
majority within the agricultural zone). These slopes occur mainly in the north-west 
portion of the study area where water is shed off the upper landscape into the 
defined creek systems that lead into major lakes and swamps. Typical soil-
landscapes include gently undulating sandplain, salt scalds on gently undulating 
sandplain and further down slope in the plains with swamp and lunettes systems. 
Water erosion is common in these areas.  
Summary of surface water earthwork options for the Bremer-Gairdner area 
Shedding landscapes 
Within shedding landscapes water erosion can be controlled by intercepting, diverting 
or slowing runoff rather than permitting it to flow uninterrupted down the slope.  
Grade banks control water run-off by increasing the flow path length, therefore 
increasing time of concentration or losing the velocity of the run-off thus preventing 
soil erosion.  Grade banks are placed in the mid-slope and upper water shedding 
landscape areas. To be effective grade banks should be deep enough to allow the 
sub-surface clay to be cut and placed on the downhill bank to provide a seal against 
seepage. 
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Soil type will be a main determinant for the extent of grade banks suitable to the area.  
The undulating and level sandplain profile may prove difficult in finding clay subsoil 
and therefore depth to clay needs to be surveyed before work commencement. It is 
estimated that grade banks may be suitable for approximately 10,000 hectares of the 
area (less than 10 per cent  of area). 
Receiving landscapes 
Receiving areas have lower relief than the adjacent shedding slopes causing 
accumulation of run-off leading to waterlogging, flooding, inundation and increased 
recharge. 
Within receiving landscapes, excess surface water or barriers to surface water 
movement can be alleviated by shallow relief drainage (i.e. channels cut into the soil 
surface which allow surface water to enter and drain at a nominated grade to 
maintain a safe water velocity preventing soil erosion). 
For (50,000 hectares or around 50 per cent ) including the level to gently undulating 
sandplain and plain with swamp and lunette soil landscape systems, shallow relief 
drains would be recommended. 
Planning for Conservation Earthworks  
Earthworks require careful planning because inappropriate and poor design can 
cause more degradation.  Suitably qualified people need to be consulted for the legal 
aspects, design and construction. The following points need to be addressed: 
• Land Assessment: Information on soil condition, vegetation cover, catchment 
area, annual average rainfall and slope is used to calculate maximum flows, safe 
grades and safe velocity.  For more information visit the following site: 
http://www.agric.wa.gov.au/progserv/natural/assess/index.htm 
• The Annual Recurrence Interval (ARI). The ARI is the frequency an earthwork 
is designed to fill or safely fail.  Important earthworks such as dams, waterways 
and absorption banks are designed at least for a 20-year ARI. The minimum 
design of most drains and banks is a 10-year ARI. 
• Legal Aspects: Must be considered before earthworks are constructed. Diversion 
of flows, increasing flow velocities or increasing quantity of flow, could cause 
damage to neighbouring properties for which the drainage proponent may be 
responsible (Keen 1998). Catchment planning and discussing planned earthworks 
with potentially affected neighbours is recommended. 
http://www.agric.wa.gov.au/environment/land/drainwise/legal/index.htm 
In addition refer to the Resource Management Technical Report 185, "Common 
Conservation Works used in Western Australia"  
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Table 4.2.1. Design criterion for common surface water earthworks used in 
Western Australia. 
Earthwork design Land slope (%) Soil types 
Grade 
(%) Landscape position 
Grade bank Up to 10 Shallow duplex 
Loam 
0.2-0.5 Upper & mid-slope 
Seepage interception 
bank 
Up to 10 Shallow duplex 
Deep duplex 
Sands 
 Lower & mid-slope 
Broad-based banks 2-6 Shallow duplex 
Loam 
0.15-
0.3 
Upper, mid & lower-slope 
Shallow relief drains Up to 0.2 Clay 
Shallow duplex 
Up to 
0.2 
Valley floor 
Levee waterways Up to 10 Clay 
Sands 
Deep duplex 
Shallow duplex 
Up to 
10 
Valley floors and hillslope 
Raised bed 0.1-2  0.1-2  
Evaporation ponds Site-
specific   0 
 
Dams Up to 10 Clay 
Shallow duplex 
Deep duplex 
Loam 
Up to 
10 
Not in valley watercourse 
Roaded catchment Up to 6% Clay 
Shallow duplex 
Up to 
6% 
Good clay required close to 
surface 
* Further information about all of the above structures can be found out by an on-line 
search through the following web page: 
www.agric.wa.gov.au/environment/land/drainwise/options/engineering 
 
Figure 4.2.1: Schematic representation of some typical contour earthworks. 
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4.3 Plant based management 
The rate of groundwater rise and the spread of salinity can be slowed or reduced by 
either limiting the recharge to groundwater or by finding ways to remove groundwater 
(pumping or drainage).  There is also the option of making productive use of the salt-
affected land.  
4.3.1 Recharge Reduction 
Strategic placement of bands of shrubs or trees and/or planting of perennial pastures 
and grasses intercept water before it becomes seepage. 
• Annual crops and pastures can provide minor recharge reduction. Deeper-rooted 
annual crops and pastures, longer growing season pasture (e.g. serradella) and 
strategic warm season grain and fodder crops (e.g. sorghum, millet) are options. 
• Perennial grasses and pastures generally use more water than annual plants 
because they have deeper root systems and can use out of season summer 
rainfall. Options include incorporating perennial pastures (e.g. lucerne) in a phase 
farming system. 
• Perennial woody vegetation.  Options include planting of alleys of trees (i.e. tree 
farming oil mallees) or shrubs for fodder, wind protection or production. 
4.3.2 Productive use of saline land 
Saltland can be made productive by planting salt tolerant shrubs or grasses to lower 
the watertable and provide grazing land (Table 4.3.1).  
Table 4.3.1. Perennial options for saline land 
Species Tolerances Attributes 
River saltbush Highly salt tolerant, drought 
tolerant, moderately 
waterlogging tolerant.  Has good 
long-term survival. 
Good long-term survival.  
Palatable and recovers from 
grazing.  Lowers shallow 
watertables.  May be difficult to 
establish from seed. 
Small leaf bluebush 
(Maireana brevifolia) 
Well-drained slightly to 
moderately saline soils.  Does 
not tolerate waterlogging. 
Palatable and recovers from 
grazing.  Contains oxalate - may 
need to be fed with hay.  
Volunteers readily. 
Wavy leaf saltbush 
(Halosarcia species) 
Highly salt-tolerant, moderately 
waterlogging tolerant. 
Good long-term survival.  
Harvestable seed.  Recovers 
from grazing.  Susceptible to 
fungal attack. 
Quailbush 
(Atriplex lentiformis) 
Highly salt-tolerant, moderately 
waterlogging tolerant. 
Gives good early growth.  
Provides good shelter.  Does 
not persist. 
Old man saltbush 
(Atriplex nummularia) 
Highly salt-tolerant, lower 
tolerance to waterlogging than 
river saltbush. 
Good long-term survival.  Low 
recruitments.  Low palatability. 
Grey saltbush Highly salt-tolerant, moderately 
waterlogging tolerant. 
Has an erect and prostrate form.  
Palatability varies.  Does not 
i t
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(Atriplex ciliata) persist. 
Puccinellia 
(Puccinellia ciliata) 
Tolerant of salt and 
waterlogging. 
Palatable, recovers well from 
grazing.  Responsive to N and P 
fertilisers. 
Tall wheatgrass 
(Thinopyrum elongatum) 
Less tolerant than puccinellia to 
salt.  Tolerates alkaline soils 
and moderate waterlogging. 
Moderately palatable.  Needs 
heavy rotational grazing.  
Responsive to N and P 
fertilisers. 
Balansa clover 
(Trifolium michelianum) 
Highly tolerant to waterlogging, 
tolerates low salinity. 
Very high feed value.  Can grow 
as understorey to saltbush.  
Responsive to P fertilisers.  New 
short-season cultivar 'Frontier' 
suited to drier locations 
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4.4 Economics of some options for land management 
Table 4.4.1. Selected enterprises for land management 
Option Costs / disadvantages Benefits / advantages Cash flow 
implications 
Main profit drivers 
Perennial 
pastures, such 
as lucerne and / 
or kikuyu  
(Suitable across 
all landscapes 
in the 
catchment)  
Establishment costs are usually similar to cost of planting a 
crop. 
Ongoing costs are similar to annual pasture. 
Removal can require several sprays and careful management.  
Dead plants can create problems for seeding following crops. 
Soil profile will be very dry after a perennial pasture phase.  
Crop yields may suffer if growing season rainfall is low. 
Potential for animal health problems on lush green feed, but 
risk can be managed. 
Reduced recharge. 
Supply of quality feed during autumn 
feed trough. 
Disease break for following crops. 
Nitrogen fixation by legumes (e.g. 
lucerne). 
Usually negative cash 
flow in year one, but 
cover cropping can help 
recoup costs. 
Positive cash flow from 
year two onwards. 
Anticipate full cost 
recovery after two to 
seven years. 
Livestock and wool prices. 
Flock structure. 
Success of establishment (failed 
establishment is expensive). 
Quality and quantity of out of 
season feed. 
Availability and cost of other 
feeds. 
Yield and protein boost in 
following crops. 
Area grown (average value 
declines as more area is sown). 
Balansa clover Should cost less than a crop to establish.   
Careful grazing management is required. 
Can be grown in areas where 
traditional pastures perform poorly. 
Waterlogging allows growing season 
to be extended. 
A well-managed 
balansa pasture can be 
very profitable. 
Quality of dry feed in summer. 
Livestock and wool prices. 
Flock structure. 
Area grown. 
Tree crops in 
blocks, such as 
sandalwood 
Often costs over $1,000 /ha to establish, plus ongoing 
maintenance. 
Livestock must be excluded for at least the establishment 
phase, often longer. 
Future prices and yields are uncertain. 
Recharge benefits restricted mainly to land on which trees are 
planted. 
Stabilises soil. 
Reduced recharge. 
Depends strongly on 
how well the plants are 
utilised.  Well-managed 
stands can be 
profitable. 
Success of establishment. 
Availability and cost. 
Area grown. 
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Option Costs / disadvantages Benefits / advantages Cash flow 
implications 
Main profit drivers 
Tagasaste Establishment cost typically in the order of $100-150 /ha. 
Require ongoing management to prevent plants getting to big. 
New fences might be needed. 
Mustering can be a problem. 
Stabilises soil. 
Reduced recharge. 
Provides year round feed. 
Depends strongly on 
how well the plants are 
utilised.  Well-managed 
stands can be 
profitable. 
Feed must be utilised in order to 
realise benefits. 
Livestock prices. 
Success of establishment. 
Availability and cost of other 
feeds. 
Area grown. 
Saltbush 
pasture system 
(e.g. saltbush, 
puccinellia, tall 
wheat grass, 
balansa clover) 
Establishment costs vary enormously, typically ranging from 
$75 /ha to over $200 /ha. 
A good supply of fresh water must be provided for stock. 
New fences might be needed. 
Mustering can be a problem. 
Generally not suitable for lambing ewes and young sheep. 
Reduced recharge. 
Reduced water erosion. 
Saltbush dries soil profile enough to 
allow salts to be flushed from topsoil.  
Other pasture plants can then 
establish (e.g. balansa clover, 
grasses).  These other pasture 
species form a large part of the 
grazing value. 
Can last for many years if managed 
well. 
Some grazing available 
in the first year. 
Cost recovery period 
will depend a lot on cost 
of establishment. 
Have been 
demonstrated to be 
profitable, especially 
when a good 
understorey of highly 
nutritious pasture is 
established.   
Livestock and wool prices. 
Success of establishment (failed 
establishment is expensive). 
Quality and quantity of out of 
season feed. 
Availability and cost of other 
feeds. 
Area grown. 
Engineering 
water 
management 
(Shallow relief 
drains) 
Shallow relief drains cost around $350 to $550 per km  
(depending on site-specific circumstances including soil types, 
contractors used, machinery used and size of drains) 
(Grade bank cost is $550 per km dependent on site-specific 
issues such as soil type, machinery used, size of banks and 
contractors used.   
Maintenance of banks is required every five years ($150/km). 
Shallow relief drains are channels 
constructed to remove water from 
areas that may be affected by 
waterlogging, inundation or flooding, 
(Drainswise, 2002). 
Grade bank benefits include 
reduction in waterlogging between 50 
and 100 metres down slope 
Cost recovery period 
will depend a lot on cost 
of implementation. 
Area of land recovered from lost 
production. 
Area grown. 
Crop yield boost in following 
seasons. 
Livestock condition. 
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5. CONCLUSION 
Land degradation issues 
The main natural resource management threats to farming systems in the study area 
are:  
• Water repellence, affecting approximately 109,500 ha (70 per cent) 
• Waterlogging, affects approximately 86,000 ha (55 per cent) 
• Soil acidity, affects approximately 78,200 ha (50 per cent) 
• Wind erosion affects approximately 70,400 ha (45 per cent) 
• Soil structure decline, affects approximately 53,200 ha (35 per cent) 
Land managers are addressing many of the natural resource issues: 
• Surface clay spreading is practised, but not as widely as needed because 
suitable clay is not readily available. 
• There has been a major shift to no-till or minimum-till, which will help mitigate 
erosion and subsoil structure decline.  Progressive tillage, raised bed and 
tramline farming is being trialed in an attempt to overcome soil compaction. 
• Liming to ameliorate soil acidity is widespread, although application rates are 
still less than what they should be to lift soil pH to satisfactory levels. 
• Earthworks are being implemented to reduce waterlogging and erosion.  
However, many areas still require targeted or strategic earthworks because 
much of the landscape still waterlogs and returns poor crop and pasture yields.   
• Perennials (e.g. Kikuyu and lucerne) are being established to increase 
production while reducing waterlogging, recharge and salinity.  Phase cropping 
with lucerne will help reduce the impact of resistant weeds and help utilise 
stored soil moisture. 
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6.1 References for alternative perennial pasture species  
Lucerne 
Farmnote No. 4/98  ‘Dryland lucerne – establishment & management’. 
Farmnote No. 53/89  ‘Insect pests in lucerne’. 
Farmnote No. 79/89  ‘Diseases and their control in lucerne’. 
‘Success with dryland lucerne’ – contact Crop Monitoring Services 018 838 103. 
WA Lucerne Growers Association C/- Roy Latta Department of Agriculture 
Katanning. 
Kikuyu 
Perennial Pastures, Sudmeyer et al. 1994, Bulletin 4253 Department of Agriculture. 
Perennial pasture establishment technique, Buchanan et al., Esperance LCDC. 
Perennial grasses for animal production in the high rainfall areas of WA, Greathead 
et al. 1998, Misc Pub 2/98, Department of Agriculture.  
Farmnote No. 11/95 ‘Kikuyu – the forgotten pasture?’ 
Farmnote No. 11/98 ‘Well adapted perennial grasses for the Esperance sandplain’. 
Rhodes grass 
Perennial Pastures, Sudmeyer et al. 1994, Bulletin 4253 Department of Agriculture.  
Perennial pasture establishment technique, Buchanan et al. Esperance LCDC. 
Farmnote No. 20/99 'Perennial grasses - there role in the Ellen Brook Catchment.' 
Farmnote No. 12/98 'Niche perennial grasses for the Esperance sandplain.' 
Tall fescue 
Perennial Pastures, Sudmeyer et al. 1994, Bulletin 4253 Department of Agriculture. 
Perennial pasture establishment technique, Buchanan et al. Esperance LCDC. 
Perennial grasses for animal production in the high rainfall areas of WA, Greathead 
et al. 1998, Misc Pub 2/98, Department of Agriculture. 
Farmnote 12/98, 'Niche perennial grasses for the Esperance sandplain'. 
Phalaris 
Perennial pasture establishment technique, Buchanan et al., Esperance LCDC. 
Perennial grasses for animal production in the high rainfall areas of WA, Greathead 
et al. 1998, Misc Pub 2/98, Department of Agriculture. 
Results of investigations into the groundwater response and productivity of high 
water use agricultural systems 1990-97, Hunts Catchment, Smith et al. 1998 
Resource Management Technical Report 176. 
Farmnote 11/98, 'Well adapted perennial grasses for the Esperance sandplain'. 
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Perrenial veldt grass 
Perennial Pastures, Sudmeyer et al. 1994, Bulletin 4253 Department of Agriculture. 
Perennial pasture establishment technique, Buchanan et al., Esperance LCDC. 
Farmnote No. 11/98 ‘Well adapted perennial grasses for the Esperance sandplain’. 
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7. FURTHER INFORMATION AND CONTACTS 
Topic Organisation Local contact Website address 
Climate Bureau of Meteorology  www.bom.gov.au/climate 
Farming Systems 
and Group 
Development 
Farming 
Systems 
Development 
Officer 
www.agric.wa.gov.au 
Soils & Land Use 
 
Soil Resource 
Officer 
www.agric.wa.gov.au/progserv/natur
al/assess/ 
www.agric.wa.gov.au/progserv/natur
al/assess/lra_soil_mapping.htm 
 
Surface water 
management 
Land 
Conservation 
Officer 
www.agric.wa.gov.au/drains 
Productive uses 
for saline land 
Farming 
Systems 
Development 
Officer 
 
Department of 
Agriculture, Albany 
District Office 
Tel:  (08) 9892-8444 
Fax: (08) 9841-2707 
Hydrologist 
 
Land Monitor www.landmonitor.wa.gov.au 
Groundwater & 
salinity 
- salinity mapping 
- national audit 
 
National Land and Water Resource Audit www.nlwra.gov.au 
Waterways & 
Wetlands 
 
Department of 
Environment, Water 
and Catchment 
Protection, Albany 
Regional Office 
Tel:  (08) 9842 5760 
Fax: (08) 9842 1204 
 www.wrc.wa.gov.au 
 
Native vegetation Department of 
Conservation and 
Land Management, 
Albany Regional Office 
Tel:  (08) 98 424500 
 www.calm.wa.gov.au 
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APPENDIX 1.  Maps 
Two maps are presented with the report. 
A1.1. Soil-landscape map for the Bremer-Gairdner area 
The mapping was compiled by field sampling, aerial photograph interpretation (at 
1:50,000) and use of Landsat TM and Digital Elevation Models (at 1:100,000) to 
refine line work.  Field sampling was undertaken with broad observation density, for a 
map publication scale of 1:250,000. 
A1.2. Land monitor: Current salinity 
This map illustrates areas of assumed current salinity land for two time periods (1990 
to 1992 and 1996 to 1997). 
 
Bremer-Gairdner RCA 
-49- 
APPENDIX 2 Soil-landscape unit detail 
Table A2.1.  Soil-landscape units (with % of occurrence), associated Soil 
Groups and degradation hazards for the Bremer-Gairdner study area. 
Soil-landscape 
unit & % Description 
Generalised land 
degradation risk 
Bremer system 
(242Bb, 10%) 
Level to very gently undulating poorly drained 
long narrow coastal plain developed on 
spongeolite, siltstone and limestone. There are 
many internal drainage depressions, lakes with 
very large catchments and swamps, some of 
which have extensive and well-defined lunettes 
to the south east of the depressions.  Deep 
sand sheets commonly occur across the 
system, as well as longitudinal sand dunes 
High soil acidity 
Moderate salinity 
Moderate structure decline 
Low water erosion 
High waterlogging 
High wind erosion 
Bb1 
(2,951 ha, 2%) 
Level plain, including small closed depressions. Landscape relief is generally 
less than 5m. Dominant soils are; Alkaline grey deep sandy duplex soils (35%); 
Grey deep sandy duplex (22%); Yellow/brown shallow sandy duplex (15%) and 
Pale deep sands (15%). 
Bb2 
(7,289 ha, 5%) 
Gently undulating (narrow) plain. The dominant soils are; Alkaline grey deep 
sandy duplex soils (30%); Alkaline grey shallow sandy duplex soils (20%); and 
Pale deep sands (20%). 
Bb3 
(2,578 ha, 2%) 
Gently undulating plain with a dominance of deep sand sheets deposited 
across the land surface. Most often associated with significant lunettes 
adjacent large swamps. Dominant soil groups are; Pale deep sands (60%); 
Grey deep sandy duplex soils (25%) and semi wet soils (15%). 
Bb4 
(1,818 ha, 1%) 
Swamps and seasonally inundated sumps, and associated swamp soils (semi 
wet soils, etc). The dominant soil groups are; Grey shallow sandy duplex soils 
(20%); Pale deep sands (20%); Alkaline grey shallow sandy duplex soils (15%) 
and Semi wet soils (15%). 
Chillinup system 
(242Ch, 40%) 
A broad level to gently undulating sandplain 
that slopes gently to the south from about 180 
to 100 m elevation (asl).  Local relief is less 
than 10 m and there are many internal 
drainage depressions, including lakes and 
swamps, some with lunettes.  Clusters of deep 
sandy linear dunes are common.  These sand 
dunes are aligned in an east to south-easterly 
direction. 
High soil acidity 
Low to moderate salinity 
Low structure decline 
Low water erosion 
Very high waterlogging 
Very high wind erosion  
Ch7 
(21,784 ha, 14%) 
Level (low lying) to very gently moderately to well-drained coastal aeolian 
landscape. Appears to be internally drained. Dominant soils are Grey deep 
sandy duplex (25%), Yellow/brown shallow sandy duplex (15%), Grey shallow 
sandy duplex (12%) and Alkaline grey shallow sandy duplex (10%). 
Ch8& Ch8s 
(27,584 ha, 18%) 
Gently undulating sandplain. Soils developing on Tertiary marine sediments. 
Dominant soils include Grey deep sandy duplex (20%), Yellow/brown shallow 
sandy duplex (15%), Grey shallow sandy duplex (12%), Alkaline grey shallow 
sandy duplex (10%), Duplex sandy gravel (10%). 
Ch9 
(1,303 ha, 1%) 
Gently Undulating plain with a dominance of deep sand sheets deposited 
across the land surface. Main soils include Pale deep sand (35%), Grey deep 
sandy duplex (27%), Yellow/brown shallow sandy duplex (15%), Grey shallow 
sandy duplex (10%), Alkaline grey shallow sandy duplex (10%) 
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Ch10 
(7,293 ha, 5%) 
Seasonally inundated swamps and closed depressions. Often with deep sand 
lunettes on the south east side of the depressions. Alkaline grey shallow sandy 
duplex (30%), Grey deep sandy duplex (20%), Grey shallow sandy duplex 
(35%). 
Ch11 
(2,966 ha, 2%) 
Poorly drained, level low-lying landscape with large areas represented by 
shallow crab-hole gilgai. Dominant soils are semi wet and wet soils (50% of the 
unit) together with Alkaline grey shallow sandy duplex (11%) and hardsetting 
grey clays and gilgai-associated soils. 
Jonacoonack 
system 
(244Jo) 
(9,745 ha, 6%) 
Deeply incised valleys with breakaways, cliffs 
and wide valley floors on Tertiary sediments, 
with bare rock, stony soil, pale shallow sand 
and pale deep sand.  
High soil acidity 
Moderate to high salinity 
Moderate structure decline 
High water erosion 
Low waterlogging 
Moderate wind erosion 
Lower Gairdner 
system 
(243Lg, 16%) 
Transition zone between the Albany Fraser 
Province to the south and the Yilgarn Block to 
the north.  Soils are dominantly developing on 
thin lenses of Tertiary sedimentary deposits 
over deeply weather granitic profiles.  Crab 
hole gilgai soil complexes are a common 
feature across this unit. Landscape is 
dominantly level to very gently inclined with 
occasional rises and low hills. 
High soil acidity 
Moderate to high salinity 
Moderate structure decline 
Low water erosion 
Moderate waterlogging 
High wind erosion 
Lg1 
(7,544 ha, 5%) 
Level plain. (Includes Lg1s unit). Dominant soils are Grey deep sandy duplex 
(40%) and Yellow/brown deep sandy duplex (25%). The Lg1s unit has a 
dominance of Saline wet soils (45%) and Alkaline grey shallow sandy duplex 
soils (35%). 
Lg2 
(11,385 ha, 7%) 
Gently undulating plain. Soils include Alkaline grey deep and shallow sandy 
duplexes (52%), Yellow/brown shallow sandy duplex (15%) and Red/brown 
non-cracking clay (12%). 
Lg3 
(132 ha, <1%) 
Gently undulating plain with mostly deep sandy duplex soils and occasional 
deep sand sheets. Dominant soils are; Grey deep sandy duplex (30%), 
Yellow/brown deep sandy duplex (20%), Alkaline grey shallow sandy duplex 
(15%), Yellow/brown shallow sandy duplex (10%), and Duplex sandy gravels 
(10%). 
Lg4 
(3,077 ha, 2%) 
Small Swamps (paperbark and Yate swamps). Often saline. Gilgai crab holes 
also a common feature. Dominant soils are Grey deep sandy duplex (30%), 
Red/brown non-cracking clay (30%) and Shallow gravel (15%). 
Lg7 
(3,986 ha, 3%) 
Narrow saline valley floors and creek lines. Dominant soils are; Grey deep 
sandy duplex (15%), Saline wet soils (15%), Alkaline grey shallow sandy 
duplex  (15%) and Yellow/brown shallow sandy duplex soils (10%). 
Lower Pallinup 
system 
(242Lp, 6%) 
 
This system is at the edge of the Chillinup 
plain where the Pallinup River cuts though the 
siltstone and lateritic-based Chillinup plain. 
Mostly a U shaped valley profile 
High soil acidity 
Moderate to high salinity 
Moderate structure decline 
High water erosion 
Moderate waterlogging 
Low wind erosion 
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Lp3 
(4, 832 ha, 3%) 
Long gently inclined, valley slopes with alluvial and colluvial deposits over 
granite and Tertiary sediments together with narrow alluvial flats adjacent the 
main Pallinup river stream channel in the lower Pallinup River valley area. Soils 
include Grey deep sandy duplex (18%), Red deep loamy duplex (15%), Grey 
shallow loamy duplex (12%), and Grey deep sandy duplex (10%). 
Lp7 
(3,674 ha, 2%) 
Large duricrust remnants, cuestas, breakaway escarpments and rises 
surrounded by stripped terrain of rock outcrops & fresh soils in the Lower 
Pallinup area. Differs to Lp1 in that the relief (from plateau to lower valley 
slope) often exceeds 80m. Dominant soils include; Acid shallow duplex (12%), 
Duplex sandy gravel (12%),  
Stony soil (10%), and Yellow/brown shallow sandy duplex (10%). 
Lp8 
(2,276 ha, 1%) 
Lower trunk of the Pallinup River, including the Beaufort Inlet. The map unit 
covers the inlet, tidal margins and main drainage channel where permanent 
water is present, narrow alluvial terraces, flood levee terraces and the adjacent 
valley slopes up to the footslopes of cliff faces of breakaways. . 
Meerup system 
(242Me, 11%) 
Large coastal calcareous (linear and 
parabolic) dune field and blowouts 
flanking the coastline. May extend up to 
10km inland at its widest point.  It is only 
broken is some places by either estuaries 
of large rock headlands on the coast. 
Low soil acidity 
Low salinity 
Low structure decline 
Low water erosion 
Low waterlogging 
Very high wind erosion 
Me1 & Me 2 
(7,313 ha, 5%) 
Extensive, narrow parabolic sand dune system comprising siliceous to mainly 
calcareous lithology. The dunes are generally 2 to 5m high and have varying 
slopes depending on age, lithology and stability. The dominant soil is a 
calcareous deep sand (42% of the unit) with pale deep sand (12%). 
Me 4 
(13,072 ha, 8%) 
Blow-outs and unstable sands on the parabolic sand dune system comprising 
siliceous to mainly calcareous lithology. Dominant soils include Calcareous 
deep sands (28%) and pale deep sands (12%). 
Mt Manypeaks 
system 
(242Mm, 4%) 
Significant areas of granite rock outcrop, 
including granite domes, hills and ridges, 
often with irregular crests and upper 
slopes that stand above the landscape 
with a local relief of usually about 30 to 
50m. Dominant occurrence is on the 
coast, south west of Wellstead, near to 
the Green Range and Cape Riche areas. 
High soil acidity 
Low salinity 
Low structural decline 
High water erosion 
Low waterlogging 
Low wind erosion 
Mm2 
(1,139 ha, 1%) 
Coastal hills and headlands;>60m relief with minor valleys. Steep irregular 
rocky crests and upper slopes separated by smooth sandy tracts. The 
dominant soil group is bare rock (40%) together with Ironstone gravelly soils 
(15%).  
Mm3 
(4,093 ha, 3%) 
Coastal hills and headlands; 20 to 60m relief with minor drainage valleys. 
Rocky crests and upper slopes separated by smooth sandy tracts. Soils within 
this unit include Bare rock (20%), Ironstone gravelly soils (18%), Pale shallow 
sand (10%) and Stony soils (10%). 
Middle Pallinup 
system 
(243Mp, 6%) 
Gently undulating and less commonly 
undulating rises drained by the middle 
catchment area of the Pallinup River 
(Peniup creek).  Breakaways, narrow 
alluvial terraces and wide colluvial plains 
are common. 
Moderate soil acidity 
High salinity 
High structural decline 
High water erosion 
Moderate to low waterlogging 
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Low wind erosion 
Mp2s 
(799 ha, 1%) 
Severely salt-affected areas within valley flats and headwater rises. Includes 
some narrow alluvial / colluvial areas.  
Mp4 
(6,513 ha, 4%) 
Intensely dissected area comprising valley flats, narrow alluvial plains (100 to 
300m wide) valley slopes and isolated hillcrests. Soils are very mixed. 
Mp5 
(1,207 ha, 1%) 
Low hills comprising hill crests, upper slopes and mid slopes dissected by 
dolerite dykes. Rarely lower slopes.  Soils developing on weathered granitic 
and remnant lateritic material include Grey shallow sandy duplex (25%), 
Alkaline grey shallow sandy duplex (15%), Grey deep sandy duplex (12%), 
Alkaline grey shallow loamy duplex (12%), and Yellow/brown shallow sandy 
duplex (12%). 
Mp6 
(74 ha, <1%) 
Areas of significant rock outcrop / surface exposure. Includes the gravelly 
apron at the base of rock out crops. Dominant soils within this unit are Grey 
shallow sandy duplex (15%) and Alkaline grey shallow sandy duplex (15%) 
with minor occurrence of Bare rock and stony soils at about (20%). 
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APPENDIX 3. Additional land management information 
Timothy Overheu, Albany 
Following is a series of tables based on the information discussed in section 2.3.3 
and summarised in Section 4.1.  These tables list potential degradation hazards for 
each dominant soil in the study area, together with ‘best practice’ management 
options to reduce their hazards. The options are intended as a guide to minimise 
recharge and land degradation. 
Representative soil group 
Presented in the first section is a representative “Bremer-Gairdner” soil description.  
The brief description highlights some of the soil properties. The description may also 
include characteristic properties relevant to land use together with factors that could 
limit production and affect management 
Agricultural land use and management 
The second section highlights broad management options and recommendations 
aimed at land managers, rural community groups, regional planners, and others 
involved in the provision of technical advice to land users.  
Further Reading 
Overheu, T.D. (1995). Soil Information Sheets for the Jerramungup agricultural 
advisory district. Miscellaneous Publication No. 20/96, Department of Agriculture, 
Perth. 
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1. Shallow sandy duplex (SS/C) ~ 36,500 ha 
Soil group properties  
The representative soil within the catchment  is a shallow, often domed duplex soil.  It has greyish fine sandy topsoil over an 
alkaline, pale brown, columnar medium clay at 10 to 30 cm.   
• Loose, fine topsoil sand. High risk of wind erosion on exposed landscapes. Proportion of gravel in topsoil may reduce risk. 
• Strongly sodic, dispersive subsoil clay. Moderate risk of soil structure decline. Traffic and plough pans can also be a risk. 
• Highly susceptible to topsoil acidification. 
• Sandy topsoils may display water repellence, moderate soil water storage and nutrient availability. 
• Generally has good moisture availability through to summer. 
• Underlying clays can be suitable for dam construction; however, sites should always be checked for possible perched or 
shallow saline watertable.  
• Can be saturated for long periods and often prone to inundation. 
• Waterlogs in most years because of poor internal drainage.  Many duplex soils in the Bremer area show profile 
characteristics indicating seasonal waterlogging. 
Agricultural land use and management  
Summary: Suitable for a cereal/ pasture or cereal/ canola/ pasture rotation.  Susceptible to waterlogging in most years and 
flooding in severe wet years.  Control of surface water run-on is necessary. 
Soil Management: Minimum tillage operations will improve soil structure, maintain levels of soil organic matter and reduce 
erosion. Practice stubble retention or aim to maintain >50% ground cover to control risk of wind and water erosion. 
Liming may be necessary to achieve crop and pasture production potential and assist in the establishment of lucerne. Regular 
monitoring of soil pH levels is advised. 
Clayey, sodic dispersing subsoils causing surface-sealing or hardsetting problems may be ameliorated through topdressing with 
gypsum. 
Nutrients leach from the sands, especially potash which is deficient in most cases. 
Recharge reduction & surface water control: Phase cropping with lucerne and cereals will help reduce recharge. 
Grade banks are effective in controlling water erosion and waterlogging where interception of clay is possible. 
Crops: Selected cereals (barley, triticale and oats) can be grown satisfactorily. Phase cropping with lucerne and cereals is 
recommended to manage excess soil moisture. Soils can often become too wet, significantly reducing yields.  Waterlogging will 
increase the risk of disease carry over.  Although canola is suitable, waterlogging will present some problems.  Lupins are not 
suitable except on deeper sandy phases.  Cereal yields can be around 2 t/ha, canola 0.8 t/ha and lupins 0.5 t/ha. 
Revegetation:  Revegetation with tolerant native and ornamental trees and shrubs is appropriate.  Mounding will be necessary 
for tree planting. Advisable to Fence off remnant vegetation and revegetate with species native to the catchment. Suitable native 
species include silver mallee (Eucalyptus falcata), Hopetoun mallee (E. leptocalyx), Port Lincoln mallee (E. conglobata). Belts of 
farm forestry species including oil mallees may be suitable where there is no waterlogging 
Annual pastures:  Subterranean, balansa or persian clover is the appropriate legume, however, seasonal waterlogging will limit 
growth. 
Perennial pastures:  The possible higher seasonal water availability makes this unit very suitable for perennial pastures.  A 
fescue-sub. Clover mix may suitable if waterlogged or marginally saline.  Lucerne, Tall wheat grass, or kikuyu are also suitable. 
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2. Deep sandy duplex (S/C) ~ 25,000 ha 
Soil group properties  
The representative soil is a pale grey sand over clay (neutral to alkaline) at 10 to 30 cm.  Presence of seasonally perched 
watertable is common.  The soil association is common across level to gently undulating plains. 
• Generally a moderate groundwater recharge risk; this may increase to a high risk in winter months, associated with 
perched watertables. 
• High risk of wind erosion on exposed landscapes. Proportion of gravel in topsoil may reduce to a moderate risk. 
• Highly susceptible to topsoil acidification. 
• Water erosion is a low to moderate risk on exposed slopes. 
• Traffic and plough pans can be a risk. 
• Sandy topsoils may display water repellence, moderate soil water storage and nutrient availability. 
• Moderate risk of soil structure decline (surface crusting and hardsetting soils). 
Agricultural land use and management 
Summary: A versatile and productive soil.  However, nutrients leach from the sands, especially potash that is deficient in most 
cases.  A cereal/ lupin/ canola rotation or pasture/cereal rotation would be suitable. 
Soil Management: Minimum tillage and no-till operations will aid in reducing erosion and compaction problems in susceptible 
paddocks, improving soil structure and maintaining levels of soil organic matter. 
Liming may be necessary to achieve crop and pasture production potential and assist in establishment of lucerne; regular 
monitoring of soil pH levels is advised. 
Practise stubble retention or aim to maintain >50% ground cover to control risk of wind and water erosion. 
Clayey subsoils may be sodic. Surface-sealing problems may result from clay being brought to the surface by cultivation. 
Recharge reduction & surface water control: Phase cropping with lucerne and cereals will help reduce recharge. 
Grade banks are effective in controlling water erosion and waterlogging where interception of clay is possible. 
Crops: Phase cropping with lucerne and cereals. Canola and lupins on the deeper soils. 
Revegetation: Fence off remnant vegetation and revegetate with species native to the catchment (seedlings). 
Belts of farm forestry may be suitable for medium to shallow duplex soils (<50 cm) where there is no waterlogging. 
Annual / perennial pastures: Annual clovers, veldt grass and serradella mix would suit the sandier areas that are prone to 
wind erosion. 
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3. Poorly drained sandy duplex (WSD) ~ 17,000 ha 
Soil group properties  
Associated with the level to very gently undulating landscapes of the coastal plain from Bremer Bay through to Boxwood Hills and 
as far north as Gairdner.  Common near large closed depressions and swamps. The representative soil is a shallow, columnar 
duplex soil.  It has greyish brown fine sandy topsoil over alkaline, pale brown, columnar medium clay.  The subsoil indicates 
frequent waterlogging.  
• Loose, fine topsoil sand. 
• Wind erosion risk is low to moderate; soils are usually moist, however, if plant cover is lost after long periods of inundation or 
by overgrazing, erosion can be a potential problem because of the fine textured topsoils. 
• High risk of waterlogging. Soil frequently waterlogs. 
• Strongly sodic subsoil clay (>20% ESP). 
• Moderate to high risk of water erosion.  Sites can be saturated for long periods and often prone to inundation.  Subsoils are 
dispersive. 
• Effective rooting depth 10 to 30 cm. 
• Possible perched watertable beyond 150 cm. 
Agricultural land use and management 
Summary: This soil is suitable for a cereal/pasture or cereal/canola/pasture rotation.  In most years it is susceptible to 
waterlogging and to flooding in severe wet years.  Control of surface water run-on is necessary 
Soil Management: Phase cropping with lucerne and cereals will help reduce recharge. 
Grade banks are effective in controlling water erosion and waterlogging where interception of clay is possible. 
Minimum tillage operations will improve soil structure, maintain levels of soil organic matter and reduce erosion. Practice stubble 
retention or aim to maintain >50% ground cover to control risk of wind and water erosion. 
Topsoil pH is buffered by the alkaline subsoil, however should still regularly monitored. 
Nutrients leach from the sands, especially potash which is deficient in most cases. 
Clayey, sodic dispersing subsoils causing surface-sealing or hardsetting problems may be ameliorated through topdressing with 
gypsum. 
Recharge reduction & surface water control: Grade banks are effective in controlling water erosion and waterlogging where 
interception of clay is possible. Shallow relief drains (‘W’) can be used to reduce ponding and promote drainage from valley 
floors. 
Lucerne on the deeper soil and on areas with low risk of flooding. Productivity may not be as good as soils, which are well 
drained. 
Crops: Selected cereals (barley, triticale and oats) can be grown satisfactorily.  Over wet seasons this soil can become too wet, 
significantly reducing yields.  Waterlogging will increase the risk of disease carry over.  Although canola is suitable, waterlogging 
will present some problems.  Lupins are not suitable except on deeper sandy phases.  Cereal yields can be around 2 t/ha, canola 
0.8 t/ha and lupins 0.5 t/ha. 
Revegetation:  Waterlogging and subsoil salinity are the main limitations.  Revegetation with tolerant native and ornamental 
trees and shrubs is appropriate.  Mounding will be necessary. Common native species include mallee-scrub heath comprising 
silver mallee (Eucalyptus falcata), Hopetoun mallee (E. leptocalyx), Port Lincoln mallee (E. conglobata), scented honeymyrtle 
(Melaleuca acuminata). 
Annual pastures: Options include annual sub clovers and serradella/ casbah, biserrula mixtures.  Medics suitable on the 
alkaline soils. Seasonal waterlogging will limit growth. 
Perennial pastures: The possible higher seasonal water availability makes this soil very suitable for perennial pastures.  A 
fescue-sub. clover mix may suitable if waterlogged or marginally saline.  Tall wheatgrass, balansa/Persian clover or kikuyu are 
also suitable. 
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4. Deep sands (lunettes, sand dunes, deep sand sheets - DS) ~ 13,600 ha 
Soil group properties  
The representative soil is a pale grey sand over deep white sand.  Sometimes a yellowish brown coloured layer is 
encountered before 80 cm. This commonly found along the south coastal areas of Boxwood Hills through to Bremer Bay, 
often in association with the long linear dunes and large swamp lunettes.  Similar soils occur all along the South Coast from 
Albany to Esperance. 
• Loose, fine topsoil sand.  
• Risk of wind erosion is High to very high.  Surface cover must be maintained to protect the loose, fine sandy topsoil. 
• Highly susceptible to topsoil acidification. 
• Sandy topsoils may display water repellence, poor soil water storage and nutrient availability. 
• Moderate risk of water erosion.   
• Susceptible to waterlogging, only in low-lying or receiving positions in the landscape. 
Agricultural land use and management 
Summary: This is a very versatile soil and with reasonable annual rainfall, high yields can be obtained using high fertiliser 
input, especially potash and micronutrients.  Suitable for cereal/lupin rotation using minimum till and stubble retention, or 
revegetated with trees for shelterbelts or agroforestry. 
Soil Management: Liming may be necessary; regular monitoring of soil pH is advised. 
High retention of phosphorus may be a problem with these dense gravelly soils. ·Maintenance of active growing plants is 
important here to prevent rapid drainage of soil water to below the root zone, contributing to problems lower in the landscape. 
Cultivation should be carried out on the contour to reduce erosion risks and improve water conservation for crops. 
Minimum tillage or no-till is encouraged to reduce the incidence of traffic and plough pans, improving soil structure, and 
maintaining soil organic matter.  It may be worth examining deep cultivation to overcome compaction problems. 
Practise stubble retention or aim to maintain >50% ground cover to control risk of wind and water erosion. 
Recharge reduction & surface water control: Soil profile and depth to clay need to be checked prior to commencing 
earthworks. Earthworks with grades should be used to move water off, prevent ponding and recharge. 
Alley farming/strip planting systems to reduce recharge rates. 
Crops: Cereals rotated with lupins are recommended but other options include barley, triticale, oats and canola.  Lupins can 
be highly successful if the manganese supply is adequate.  Stubble retention systems are essential to maintain ground cover.  
Minimum tillage and/or direct drilling are recommended with occasional deep ripping to alleviate subsoil compaction.  If water 
repellence develops, it may be necessary to seed with press wheels. 
Revegetation:  Maritime pines recommended. ·Plots of tagasaste in rows 3 to 6 m apart - manage as fodder for cattle (will 
need to be cut for sheep). Acacia saligna can be direct seeded, but as a fodder is questionable value. ·Fence off low 
production areas and remnant vegetation, allow regeneration or plant suitable banksia, acacia species. Ripping is 
recommended.  
Annual pastures: Subterranean, balansa or persian clover is the appropriate legume, however, seasonal waterlogging will 
limit growth. 
Perennial pastures: The possible higher seasonal water availability makes this unit very suitable for perennial pastures.  A 
fescue-sub. clover mix may suitable if waterlogged or marginally saline.  Lucerne, Tall wheatgrass, or kikuyu are also 
suitable. 
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5. Grey loams and clays (GC) ~ 9,000 ha 
Soil group properties  
Common over the Gairdner area.  The representative soil, dominantly a hardsetting grey clay, can occur as relatively small and 
isolated patches across a paddock or distributed over large, but confined areas across the landscape. The unit is most often 
found on mid-level valley slopes, valley floors and sometimes in isolated rises high in the landscape. 
• Often strongly sodic below 6 cm (ESP over 25%). 
• Salinity often increases with depth. 
• Poorly to imperfectly drained. 
• Moderate to high risk of structural decline.  Dispersive clays often come to the surface during cultivation. Minimum tillage is 
necessary and the soil must not be worked when too wet. 
• High risk of salinity.  Waterlogging, poor drainage, sodicity, and low soil water use increase risks especially in degraded 
areas. 
• High risk of waterlogging. Waterlogging and boggy conditions occur frequently where dispersive clay has surfaced, clogging 
soil and reducing water infiltration. 
• Risk of subsurface soil acidity is low because of the many soils in this unit presenting strong subsoil alkalinity. 
Agricultural land use and management 
Summary: The hardsetting grey clay (and shallow mallee clay loams) can be very difficult to manage, although good yields are 
achievable.  It is suitable for an alternative grain legume/cereal or pasture/cereal rotation with consideration of tillage practice, 
increasing organic content and possible gypsum application. 
Soil Management: Green manuring of a high legume percentage pasture or a legume crop such as lentils or peas may improve 
organic matter content and soil structure and aid in improving yields. 
Minimum tillage/no-till and direct drill cultivation practices are preferred to maintain soil structure. 
Adding gypsum may help improve soil structure and increase productivity.  Need to determine if the soil is responsive 
(investigate with a gypsum test and test strips first). 
Avoid working the soil when excessively wet. 
Activities that result in rapid loss of organic matter, such as long fallowing in a crop rotation and stubble burning, should be 
avoided. 
Recharge reduction & surface water control: Shallow relief drains (‘W’) can be used to reduce ponding and promote drainage 
from valley floors. 
Hardsetting clay can be reliable run-off source for dam catchments. 
Raised beds may improve surface drainage and enable plant species to persist. 
Crops: Cereals and pulses will grow satisfactorily plus canola in well-drained sites.  Pulse crops include faba beans, field peas, 
chickpeas and possibly lentils where the topsoil salinity is below 30 mS/m.  Faba beans are more suitable for areas that waterlog.   
Revegetation:  Species selection is very important.  Direct seeding may be unsuccessful.  Mounding may also be necessary. 
Annual pastures: While subterranean clover may be recommended, the hardsetting surface affects burr burial and seedling 
emergence, causing problems in maintaining ground cover.   
Perennial pastures: Several perennial grasses may be suitable in moist (niche) areas.  Some varieties are Rhodes grass, tall 
fescue and perennial ryegrass.  On marginally saline areas puccinellia and saltwater couch may be appropriate. 
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6. Gravels (Gr) ~ 5,000 ha 
Soil group properties  
A common soil over the lower coastal plains of the Bremer-Gairdner area.  It usually occurs on the level to very gently 
undulating plains, where the relief is low and slopes are negligible. The representative soil is a gravelly sand (although other 
phases can occur where the depth of sand over the gravel may vary), over an often dense gravelly layer over mottled, gleyed 
yellow clay. 
• High groundwater recharge. 
• Sandy topsoils are moderately susceptible to sub-surface acidification, traffic and plough pans. 
• Moderate wind and water erosion on exposed sites where ground cover is <50%. 
• Low to moderate soil water storage. 
• May be susceptible to water repellence. 
• Effective rooting depth can be up to the clay layer. · 
• A seasonal perched watertable may overlie the texture or permeability contrast layer. 
• Generally well drained but depends on the depth of sand and gravel over the clay.  If sand and gravel layers are shallow, 
waterlogging may occur. 
Agricultural land use and management 
Summary: This is a versatile and productive soil with a deep layer of sand over gravelly clay.  However, all nutrients leach 
from these soils, especially potash which is deficient.  A cereal/lupin/canola rotation or pasture/cereal rotation using minimum 
tillage and stubble retention would be suitable. The depth of sand to the clay determines the most suitable land use. Shallow 
varieties of this soil are susceptible to waterlogging which may limit options.   
Soil Management: Liming may be necessary; regular monitoring of soil pH is advised. High retention of phosphorus may be 
a problem with these dense gravelly soils. Maintenance of active growing plants is important here to prevent rapid drainage of 
soil water to below the root zone, contributing to problems lower in the landscape. Cultivation should be carried out on the 
contour to reduce erosion risks and improve water conservation for crops.  Minimum tillage or no-till is encouraged to reduce 
the incidence of traffic and plough pans, improving soil structure, and maintaining soil organic matter.  It may be worth 
examining deep cultivation to overcome compaction problems. Practise stubble retention or aim to maintain >50% ground 
cover to control. 
Recharge reduction & surface water control:  Soil profile and depth to clay need to be checked prior to commencing 
earthworks. Earthworks with grades should be used to move water off, prevent ponding and recharge. 
Alley farming/strip planting systems to reduce recharge rates. 
Crops: The best options are lupin/wheat or wheat/pasture rotations.  Barley and oats can be grown with canola.  Peas are 
not suitable because of the high risk of wind erosion.  It is necessary to maintain stubble in multiple cropping operations and 
advisable to use direct drilling or minimum tillage. 
Revegetation:  Mounding will be necessary. Advisable to Fence off remnant vegetation and revegetate with species native to 
the catchment. Direct seed native species - scalp areas with grader, or Chatfield scraper. 
Farm forestry species (eucalypt sawlogs) in four row belts (max. 30m wide)- plant an extra row of hardy shrubs to maintain 
windbreak value. Oil mallee alleys - unfenced four or eight row belts. 
Annual / Perennial pastures: A mix of serradella and veldt grass provides the best option for long-term pasture.  Lucerne 
dislikes waterlogging and water may be held in the subsoil above the clay.  Other options include phalaris, fescue, brumby 
and perennial rye grass.  Console love grass and Rhodes grass have potential. 
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7. Red to reddish brown soils (RBL) ~ 3,400 ha 
Soil group properties  
Often referred to as Yate Loams and frequently found on lower slopes adjacent to drainage channels and narrow valleys floors. 
Representative soil is a reddish brown (coarse) colluvial sandy loam over clay or grading to clay at 10-20 cm.  The topsoil is a 
coarse gritty loam to sandy clay loam.  The deep subsoil is a dense, strongly sodic, alkaline medium to heavy clay. 
• Risk from sub surface soil acidification usually not a problem because the soil is colluvial and derived from nearby 
weathering granite.  Products from the granite will buffer the soil acidity Neutral soil pH trend. 
• Weathered bedrock often between 50 and 100+ cm. 
• Salinity risk is usually low, unless there is a seep because of high bedrock, a dolerite dyke or shear zone nearby. 
• Water erosion can be serious across this unit on sloping land particularly with run-on from rock outcrops and heavier soils 
that shed water up-slope, or where the soil may be saturated for a long period of time.   
• Susceptible to structure decline with excessive cultivation at too high moisture level. 
Agricultural land use and management 
Summary: The soils in this unit are some of the most productive around Jerramungup area.  They have potential to yield highly 
given appropriate management.  Stubble retention and minimum tillage are necessary to maintain good fertility, drainage and 
yield potential. 
Soil Management: This soil is often regarded as one of the highest yield potential soils for the region. Cropping operations 
should occur on the contour and minimum tillage or no-till operations and stubble retention should be considered to aid in 
improvement of soil structure. Reduction of traffic in paddocks and avoidance of traffic movement when soil is wet minimises soil 
compaction. 
Recharge reduction & surface water control: This soil type benefits considerably by conservation earthworks. Grade banks, 
and shallow relief drains are effective in controlling water erosion and waterlogging. 
Crops: Wheat, barley and oats are the recommended cereals.  Potential yields may be as high as 4 t/ha.  Narrow leaf lupins, 
albus lupins (to 1.8 t/ha) are possible.  Canola may also be possible (1.2 t/h) as well as faba beans (1.8 t/ha).  Minimum tillage 
and stubble retention are recommended. 
Revegetation:  Hillside seepage areas may become saline with barley grass appearing. Tall wheatgrass and balansa clover may 
increase the grazing value. 
Belts of revegetation 20 to 30 m wide placed below grade banks or interceptors. Farm forestry species (eucalypt sawlogs) in four 
row belts - plant an extra row of hardy shrubs to maintain windbreak value  (Eucalyptus cladocalyx, E. loxophleba ssp. 
loxophleba, E. occidentalis, E. tricarpa, E. astringens, Allocasuarina huegeliana). 
Native species - hosts for sandalwood production - direct seed or seedlings. 
Oil mallee alleys – four to eight row belts  (unfenced). 
Fence large areas of remnant vegetation and allow to regenerate. 
Annual pastures: Subterranean clover and slightly acid tolerant medics are recommended legumes.   
Perennial pastures: Phase cropping with lucerne. Also depending on the moisture, soil pH and salinity, there are many pasture 
options available.  Some suitable pastures are Rhodes grass, strawberry clover, cocksfoot, veldt grass, couch, tall wheatgrass 
and lucerne. 
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8. Salt-affected land (saline wet soils) ~ 2,200 ha 
Soil group properties  
A range of soils is affected by salt. They are usually waterlogged and may be subject to flooding.  Usually seen on valley and 
basin floors, crab hole country, drainage lines, and occasionally on hillsides as saline hillside seeps. 
• Presently saline. 
• Mainly groundwater discharge but recharge may occur during winter. 
• Very high risk of waterlogging, inundation, and in some areas, flooding. 
• Highly susceptible to serious water erosion problems (gully and rill), particularly along saline drainage lines. 
1.1.1 Agricultural land use and management 
Summary: Even in marginally salt-affected sites (EC range of 80 to 100mS/m), these soils will yield poorly in most years.  The 
subsoil salinity affects the plant root’s ‘osmotic potential’ to draw nutrients and water thus inhibiting plant growth.  Current 
severely salt-affected sites should be maintained under natural vegetation, or if cleared, planted to salt-tolerant fodder shrubs 
and grazed in rotation. Sites that are marginally salt-affected or are susceptible to the impending impact of salinity should be 
assessed with an EM38 and regularly monitored. Suitable engineering structures should be considered and adjacent shedding or 
recharge landscape areas should be planted to perennials or revegetated. 
Soil Management: Where possible, fence affected area to protect from compaction and erosion by stock and traffic. 
Maintenance of ground cover to reduce risk of water erosion is recommended. 
Many areas are not suited to agricultural production due to waterlogging and salinity problems. 
Recharge reduction & surface water control: Appropriate shallow surface drainage is recommended (eg W-drains, grade 
banks, herringbone drainage and revegetation).  Notification of Intent to Drain may be required.  Grader built intercepting banks 
to clay installed above the salt-affected area may aid by draining water flowing on the clay subsurface before it contributes to 
saline areas.   
Increase water use off-site as well as on-site 
Groundwater options: 
Drains to relieve groundwater and groundwater pumping are expensive options. Good design is essential and should be site 
specific. 
Drainage effluent should be disposed of without ‘on’ or ‘off’ site degradation. 
A Notice of Intent to drain will be required. 
Crops: Not suitable for cropping. 
Revegetation: Puccinellia, samphire and Atriplex species. 
Fence off creeks, waterways and adjacent bare/eroded areas.  Allow regeneration of rushes, samphires, paperbarks and/or 
revegetate with tolerant native species/saltbushes - not grazed 
All revegetation areas should be mounded at 0.5-1% slope to reduce waterlogging - mounds with a distinct 'V' work best. 
Annual / Perennial pastures: Perennials such as tall wheat grass and tall fescue. Revegetation of waterlogged or salt-affected 
areas should be considered.  Perennial plants could be lucerne, Australian vetiver and sulla.  Saltbush and melaleuca shrubs 
may also be appropriate. 
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Appendix 4 Example drilling log Bremer Bay 
Jer06/89 
Easting Northing Date drilled 
688750 6198950 1989 
 
Slotted depth (m) Salt Storage (TSS t/ha) 
-34 to -36 5645 
 
Groundwater salinity (mS/m) 3020  (16,600mg/l) 
Water level below ground (m) -11.20 m 
Landform Pattern Very gentle undulating areas with internal drainage and 
swampy depressions. 
Interpreted Geology 0 – 34 m Pallinup siltstone and spongeolite 
> 34 m Werillup material. 
Depth to basement is unknown. 
Drilling log       Salt Storage Profile 
 
Legend 
 
Heavy sandy clay, sandy clay 
  
Silty clay 
 
Coarse sandy clay 
  
Water table (deep bore) 
 
Fine sand, loamy sand, loamy clay sand 
  
Bedrock 
 
Silt, silty clay loam, sandy clay loam 
  
Coarse sand 
0
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TSS(EC1:5) kg/ m3
TSS  5645 t/ha
Depth 
(m) 
Description 
0 to 0.1 Sand – light grey 
0.1 to 1 Gravelly sand – light grey 
1 to 6 Silty clay – pale yellow & yellow layers 
6 to 16 Silty clay – pale yellow & yellow 
16 to 21 Fine sandy clay – pale brown 
21 to 25 Fine sandy clay – yellow & pale brown 
25 to 34 Silty clay and fine sandy clay – v. pale 
brown 
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APPENDIX 5 BORE LOCATIONS IN THE BREMER-GAIRDNER AREA 
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